




























FOUR WHEEL BRAKES and 
FOUR SPRING BRAKES =z 


The purpose of wheel brakes is to control horizontal movement 
The purpose of spring brakes is to control vertical movement 


to control vertical. movements as to control horizontal move- 

ments. If spring recoil is permitted to throw the body weight 
up and off the wheels, the wheels then have less ability to adhere 
to the ground and the wheel brakes are then rendered partially or 
almost totally ineffective. The wheel brakes will stop the wheels; 
but if there is lessened adherence between wheel and road, the car 
will continue in its horizontal flight almost as though no wheel 
brakes had been applied. 


Watson STABILATORS keep the body weight from being thrown 
up and off the wheels at all times, for the simple reason that . 
STABILATORS resist each recoil force in proportion to that force. | 
No matter to what extent the car springs may have been com- ) 
pressed, STABILATORS are immediately on the job with the proper . 
amount of ‘ birdking resistance to control the upward throw. | 


a. ENJOY true motoring controllability, it is just as important 


The imposing list of cars now factory-equipped with STABILATORS 
is your justification for a thorough investigation into the unique 
STABILATOR principle. STABILATORS have been on the market 
but two short years, and yet they are rapidly on their way to first 
place as a standard equipment feature; already eleven makes of cars . 


are equipped. 


JOHN WARREN WATSON COMPANY | 
Twenty-fourth and Locust Streets 
Philedelohi 


: | ey SON 
f= STABILATORS 


Change the Whole Nature of Your Car 
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Chronicle and Comment 


Revolutionary Painting Methods 


AINT troubles have come to the fore in the past 

year or two as one of the most irritating of the in- 
dustry’s production problems. It is only logical that the 
demands for better materials, greater durability of finish 
and lowered production costs should result in consider- 
able progress. In one important instance this activity 
has led to the development of painting materials of a 
character that is entirely new in the automotive field. 
These materials possess certain characteristics that are 
sufficiently advantageous to warrant a prediction that 
their introduction will revolutionize motor-car painting 
methods. The new materials and their use were dis- 
cussed at a recent meeting of the Detroit Section which 
is reported on p. 90 of this issue. 


Let There Be Mirth and Gaiety 


HAT old adage about all work and no play having ill 

effect on John’s mentality has exerted its influence 
upon the plans for the Annual Meeting in Detroit. In 
this instance the playful atmosphere will be injected into 
the week’s proceedings in the form of The Dance Car- 
nival. This colorful gem of entertainment will be held 
on Wednesday evening, Jan. 23, at Oriole Terrace, De- 
troit’s most beautiful temple erected to the Goddess 
Terpsichore. Table reservations come tumbling into the 
New York City office with every mail and indicate that 
this particular Carnival will be the largest ever held by 
the Society. More of the details are presented on p. 80 
in this issue of THE JOURNAL. Read them, tell the story 
to your fair lady and order your table reservations at 
the earliest possible moment. 


On to Detroit 


HIS is Annual Meeting month! All eyes turn toward 

the hub of the industry as the S. A. E. Clan meets 
in Detroit, Jan. 22 to 25. A summary of the many fea- 
tures scheduled for this important meeting is given on 
p. 78 of this issue of THE JOURNAL. It is safe to say 
that the value of most of the papers is sufficient to more 
than repay a busy executive for the time and the money 
expended in attending the sessions. Four-wheel brakes, 
erankcase-oil dilution, new engines, motorbus design, 
numerous papers on body engineering and production 
topics and sessions on aeronautics are among the out- 


standing features. All meetings will be held in the 
spacious General Motors Building. 

Reduced-fare concessions have been secured from the 
railroads tapping most of the automotive producing cen- 
ters. Special arrangements have been made to assure 
hotel accommodations for those who send in their appli- 
cations for rooms in advance. Detroit’s largest Automo- 
bile Show will be in progress during the meeting period 
and our members are privileged to attend without cost. 
Turn to p. 78 and read all the other advance details. 


Election of Officers for 1924 


S stated on the ballot blanks that were mailed to the 
Members early last month, the tellers of election of 
officers for 1924 will report at the 1924 Annual Dinner 
of the Society which is to be held at Hotel Astor, New 
York City, on the evening of the 10th‘of this month, at 
which time the Business Session of the meeting will con- 
vene. An adjourned business session is scheduled to be 
held in Detroit on the evening of Jan. 22. 


London Automobile Headquarters 


HE Institution of Automobile Engineers now occu- 
pies the second floor of Watergate House, York 


Buildings, Adelphi, London, W. C. 2. The offices are 
very accessible from the Charing Cross stations and the 
Strand. One room is devoted especially to the comfort 
of the members and their friends, a library including 
periodicals being maintained. Secretary Basil H. Joy, 
whom many members of the Society remember as a most 
welcome visitor to our shores in 1913, has graciously in- 
vited our members to make use of the London head- 
quarters of the Institution of Automobile Engineers 
whenever they are in that city. The pride that Brother 
Joy expresses in the headquarters is well justified. 


Head-Lamp Illumination Education 


T a recent meeting Secretary Meister, of the Mid- 
West Section, stated that probably 90 per cent of 

the head-lamps on automobiles in use are out of adjust- 
ment. This statement is apparently borne out by in- 
vestigations that have been made by the Bureau of 
Standards. It seems that to improve the conditions 
greatly those charged with the administration of the 
motor-vehicle law in the various States will have to be 
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assisted by volunteer effort of representatives of various 
organizations such as automobile dealers’ associations, 
service and garage associations, automobile clubs and 
safety councils, as well as manufacturing and engineering 
organizations connected with the automobile field. The 
Sections of the Society have taken a live interest in the 
matter and it is expected that suitable head-lamp-illumin- 
ation educational exhibits will be made at most of the 
automobile shows this season. The Cleveland Section of 
the Society will participate in the conduct of such an 
exhibit at the Cleveland Show. The whole matter of in- 
adequate or objectionable automobile illumination has 
become a controlling factor in the use of many cars. The 
American Automobile Association and the National Mo- 
torists’ Association wit! furnish to local committees 
charts showing the necessities of the proper adjustment 
of head-lamps. Every garage that pretends to give ade- 
quate service should be equipped to adjust head-lamps 
properly. The head-lamps on all new cars should be ad- 
justed before they are put into service. R. E. Carlson, 
of the Bureau of Standards, is devoting his entire time 
to the solution of the problem. All of the members of 
the Society, as well as the Sections thereof as units, are 
urged to support and participate in the work so far as 
this shall be feasible. 


Standards Committee Division Reports 


N the reports of the Standards Committee Division 
] chairmen that appear on p. 37 of this issue the 
work of the Standards Committee since the Summer 
Meeting is well summarized. These reports will be acted 
upon at the Standards Committee Meeting in Detroit on 
Jan. 22. The work involved in the formulation of the 
division reports may well be appreciated from the fact 
that during the year 50 Division and Subdivision meet- 
ings were held in the different automotive centers, 53 
recommendations were formulated, 42 subjects were dis- 
continued as not being possible or feasible to standardize 
and 55 subjects were assigned or renewed, there being 
77 subjects in progress before the 27 Divisions of the 
Standards Committee at the present time. 

That the Standards Committee is truly representative 
of the automotive industry in standardization matters is 
indicated by the fact that the total personnel is 425. Of 
these, 248 are Division members, 61 conferee members 
and 116 Subdivision members only. The total personnel 
of the Subdivisions is 244, as there are 128 Division 
members also serving on them. 

The definite recommendations contained in the reports 
of the Division chairmen should receive careful study 
prior to the Annual Meeting. As stated in the introduc- 
tion by Chairman E. A. Johnston, director of engineer- 
ing of the International Harvester Co., “The creation of 
standards should be satisfying to all-committeemen who 
have worked upen them because the results are of real 
consequence and value. The industry as a whole should 
further support their efforts.” 


Important Sections Matters 


UESTIONS now before the Special Committee on 
Society and Sections Organization, appointed by 

the Council to study the welfare and efficiency of the 
Sections of the Society, relate to reestablishment of a 
form of Section affiliation similar to that of the Section 
Associate enrollment that was in force several years ago, 
the putting into force of automatic Section membership 
of Society members residing in the respective Section 
territories and methods of supporting financially and 
maintaining as efficiently as possible the activities of the 
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Sections. These problems involve various other matters, 
all of which will probably be discussed at the Business 
Session of the 1924 Annual Meeting of the Society in 
Detroit this year. 

The committee has-received recently expressions of 
opinion from 60 or more members of the Society, as well 
as from Sections and their Governing Committees. 


INCREASE OF NATIONAL DUES 


Typical reasons advanced in favor of increasing the 
annual dues of the Society, with reference particularly to 
providing funds for the maintenance of Sections activi- 
ties, are 

As the members of the Society as a whole receive 
most of the information made available by Section 
meetings, the members as a whole should defray the 
expense. 

The plan would result in increased Section member- 
ship rather than in decreased Society membership. 

The amount of the increase in dues would be negli- 
gible in view of the benefits available. 

Compulsory membership in the Sections would stim- 
ulate attendance at the Section meetings. 

The members as a whole are now being taxed 
through appropriations from‘the Treasury of the Soci- 
ety to the extent of over $600 per year per Section on 
the average. 

Adding Section dues to the national dues would re- 
lieve the officers of the Sections of a large amount of 
work and effort and result in more activity and enthu- 
siasm in the Sections. 

The present “double” dues do not sufficiently tie the 
Sections to the national Society. 

Raising Society dues to include Section dues is a 
practical plan of procedure in localities where Sections 
are already established. 

It would be a very good thing to consider everybody 
within a reasonable radius of a Section center a Sec- 
tion member and assess him accordingly. 

The scheme of increasing the annual dues in the 
parent Society sufficiently to permit from $5 to $7.50 
being immediately passed on to the credit of the Sec- 
tion in which the member is located is the logical 
move. 

The plan of collecting Section dues from all mem- 
bers seems to be perfectly proper and rational. 


Arguments that have been advanced against increasing 
the Society dues are 


Some members of the Society are not interested in 
Sections activities. 

The Sections should be able to collect their dues from 
active and participating members. 

Society dues are high enough now, especially as it is 
necessary to charge extra for TRANSACTIONS. 

Increasing the Society dues would militate against 
increase in membership and in turn react to the dis- 
advantage of the Sections. 

Society members are not disinclined to contribute 
directly to the support of Sections that have demon- 
strated their merit. Their interest is generally stimu- 
lated more if they are called upon for support in the 
form of additional assessment. 

Any attempt at coercive measures would result in 
unpleasant feeling on the part of many. 

It is better to charge members for special benefits 
or privileges they desire, than to spread higher charges 
over groups of members without regard to benefits re- 
ceived. 

The payment of Society dues should be optional not 
compulsory. 

Increasing the annual dues and allocating members 
automatically to Sections would destroy all Section ini- 
tiative and burden the Society with additional work. 

The Sections should bear the difference between their 
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expense and the sums appropriated from the Society 
treasury. 

Indifference rather than payment of Section dues 
keeps the average non-Section member from joining 
the local organization. To the indifferent member, en- 
rollment in a Section at an increased cost will consti- 
tute nothing more than an increase in dues. 


SECTION ASSOCIATES 


In the discussion as to the advisability of providing a 
basis for men to affiliate with Sections, receiving few or 
no privileges other than that of attending Section meet- 
ings, the following favorable opinions have been ad- 
vanced: 


Section Associates constitute a good recruiting field 
for new members of the Society. 

The enrollment of Section Associates should be pro- 
vided for, the fee therefor being not less than $5 per 
year. 

It should be possible for persons who are interested 
in the Section activities, but not in those of the parent 
organization, to become affiliated with the Sections. 

The enrolling of Section Associates in previous years 
resulted in increased attendance at Detroit Section 
meetings. 

The only difficulty I recall that was experienced from 
enrollment of Associates by the Detroit Section was 
that the occasional Associate felt that he was a mem- 
ber of the Society. This caused slight confusion in 
connection with Summer Meetings of the Society. 

It would be much better to kill the Section Associate 
idea entirely than to insist that a Section Associate, 
after a given period as an Associate, must become a 
member of the Society or cease to be a Section Asso- 
ciate. 

Many people in each district would be anxious to 
become members of the Section, although ineligible for 
membership in the Society. These people would receive 
the principal benefit of the enrollment. 

Some aspiring engineers are unable to pay the dues 
to the parent Society but would be very willing to pay 
the $5 “tuition” fee to the Section. 

Section Associates with limited privileges would be 
desirable in carrying on the work of the Sections. 

There are a large number of men who can benefit 
from local lectures, to whom payment of the initiation 
fee, together with $20 a year, is more than they can 
afford and would constitute too great a payment for 
what they would receive in view of the limited number 
of lectures that would be of interest to them. 


Unfavorable reactions to the proposal included 


Guests at Sections meetings are more apt to become 
members of the Society than Section Associates would 
be. 

It should be at least somewhat difficult to become 
either a member of the Society or an affiliate of a 
Section. 

Large attendance does not necessarily mean a suc- 
cessful meeting. 

If a Section would be benefited practically to the 
same extent by enrolling Associates as by an increase 
in the membership of the Society, there would be less 
incentive for growth in the latter respect. 

The Section Associate scheme would result only in 
unhealthy inflation. 

No one interested in becoming a member of the Soci- 
ety should require an apprenticeship period to become 
acquainted with it. 

Men enrolled as Section Associates would be placed 
in a false position. In spite of all verbal distinction, 
they would be admitted to a form of Section member- 
ship. 

Men who are desirable as Section Associates should 
become Junior members of the Society. 
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It is doubtful whether it would be possible to avoid 
in the future the difficulties that arose in connection 
with the former Section Associates; also whether the 
benefit derived from Section Associates by the Sec- 
tions or the Society would be worthwhile. 


The force of the various arguments advanced will, of 


course, depend upon individual opinion and experience. 


MISCELLANEOUS 
The following remarks were made by various members 


in connection with the whole discussion: 


It has always seemed to me that the method of 
financing the Sections was excellent. 

I am in favor of having the Society further in a 
financial way the growth of the Sections and their de- 
velopment, to an extent to be determined by comparing 
the costs of running and the receipts of the various 
Sections. 

The Sections should by all means finance their local 
operations so far as possible. The main issue is for 
each Section to be absolutely sure of the need for help 
before calling for it. 

Probably no phase of the Society’s work is of more 
direct benefit than the Section activities, when they are 
intelligently conducted. 

The Society might well put into Section matters sums 
that have heretofore been credited to the surplus ac- 
count. The Society has already laid aside a substan- 
tial surplus and there is no need for increasing this 
surplus from year to year. 

The parent Society should, as in the past, foster and 
financially support the Sections. 

All members of the Society benefit from Section 
activities and there is full justification for some appro- 
priations from the general Treasury for Section ex- 
penses. 

The budget should be proportional unless some field 
promises greater yield. 

I am strongly opposed to extending to anyone credit 
for membership dues for over 30 days. If dues are 
not paid within this time, all privileges should be auto- 
matically cut off. 

Many of the Sections are now holding meetings that 
compare favorably with those held by the Society itself, 
so far as the character of the papers and the discus- 
sions are concerned. There are, however, still many 
Section meetings for which the papers are hastily pre- 
pared and of little real value to those who attend the 
meetings or read the reports thereof. 

The Sections should not be asked to support any 
activity in which only a small portion of their mem- 
bers are directly interested. 

In general, the opinion appears to prevail that the 
subjects discussed at meetings of the Society should be 
more diversified. This indicates that the old method 
prevailing several years ago was in general more satis- 
factory. Under it, the members felt under obligation 
to present to the Society new information acquired by 
them, whereas under the present system the feeling 
somehow prevails that a member does not owe any 
obligation to present information to the Society upon 
request. 

Speakers of renown, whom we must have, are en- 
titled to a large attendance. This can seldom be at- 
tained except by drawing from the outside under pres- 
ent conditions. 

The old contention that Section papers should be 
printed in advance of the meeting and circulated to 
secure a good discussion is as pertinent as ever. 

One thing that has impressed me as being wrong is 
the poor arrangement made for prepared discussion 
of the papers presented and the practice of allowing 
men to enter into the discussion of a subject of which 
they have very little knowledge. 

If the Society devotes a portion of the time of its 
officers to the guidance and control of the Sections, 
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plus a portion of its money to the expenses, could not 
the Society benefit greatly through the consequent uni- 
formly good Sections by receiving papers, the interest, 
the publicity and new members, as against the results 
that should be logically expected from localities where 
weak or loosely run Sections convey the impression 
that the Society is “no great shakes”? 

If the Sections cannot stand on their own feet, it is 
a pity. I have always felt that the Sections should 
help the Society, rather than that the Society should 
help the Sections, because, getting back to funda- 
mentals, the existence of the Society is primarily for 
the advancement of automotive engineering, standard- 
ization and the good of the industry at large. 

The Society should be more aggressive in enlarging 
the membership of the Sections. The Sections have 
been largely allowed to shift for themselves. A strong 
effort should be made to convince the Society members 
of the tie-up between the Sections and the Society and 
of the importance of the Sections activities. 


Section activity to be successful must be very closely 
tied-up with the parent organization’s policy and op- 
erations. The Council of the Society has a definite 
responsibility in this connection. 

To stimulate interest locally and to secure attend- 
ance at the meetings a mailing list of men who would 
be interested in the meetings should be made up and 
notices mailed to them regularly. 

From comments made to me on the benefits of Soci- 
ety membership, I find that THE JOURNAL comes first 
by a large majority. ‘ 

Assessing all Society members residing in Section 
territories would release funds now spent by the Soci- 
ety for Section affairs so that it would be possible to 
re-establish the distribution without extra charge of 
TRANSACTIONS to the members upon request, and the 
Society dues would not have to be greater. 

I am not at all favorable to confining the jurisdic- 
tion of the various Sections to such small territories as 
in the past. 





PANAMA 


LOSE to 60 per cent of the cargoes that pass through the 

Panama Canal, in point of tonnage, originate either on 
the Pacific or the Atlantic seaboard of the United States; and 
of this 60 per cent, approximately one-half moves in the 
coastwise trade and one-half is destined for foreign ports. 
Year by year the American coastwise traffic is becoming more 
and more important, judged by the tonnage and number of 
ships, the cargo tonnage and the variety of products carried 
in the water trade. The relative importance of various trade 
routes shifts sharply from year to year, responding to the 
conditions that affect international commerce, but proving 
nevertheless that the use of the Canal itself in world com- 
merce is not yet stabilized. 

The calendar year 1922 was by far the biggest in the his- 
tory of the Canal. Before 1922 cargo traffic through the 
Canal was on three very clearly defined levels, the first in 
the fractional year 1914 and the years 1915 and 1916, when 
the movement was at a rate something less than 5,000,000 
tons a year; the second in 1917, 1918 and 1919, when tonnage 
moved at 2 rate of from 7,250,000 to 7,500,000 tons a year; 
and the third in 1920 and 1921, when the level was in the 
neighborhood of 11,000,000 tons. 

The year 1922 showed another big increase, more than 
3,000,000 tons over 1921 and more than 6,000,000 tons over 
the level of 1917, 1918 and 1919. This was due chiefly to a 
tremendous increase in the volume of United States coast- 
wise shipping, which amounted to less than 2,000,000 tons in 
1921 and to nearly 4,000,000 tons in 1922. 


AIR-CLEANERS 


HE study of tractor engine air-cleaners at the California 

agricultural experimental station apparently solved the 
problem of air-cleaners for certain conditions in California. 
But it became evident that more should be known about air- 
cleaners to meet conditions in general. This led the Alabama 
station to study the problem from the viewpoint of its gen- 
eral applicability, and the conclusion was drawn that the 
logical starting-point of such a study is the dust itself, since 
it is obviously the most vital factor. A study was then 
undertaken to learn something first of the fundamental 
principles governing the existence and the movement of 
dust in an air-cleaner and under engine-intake conditions, 
to serve as a basis of methods for its maximum removal! from 
the tractor air-intake within a given range of partial vacua 
caused by the intake suction and within a given range of 
amount and of physical, mechanical and chemical compo- 
sition of the dust. As far as can be learned, the tentative 


CANAL 


Cargo tonnage from the east coast of the United States 
to the west coast was more than twice as great in 1922 as in 
1921, and shipments from the west coast to the east coast 
were almost 100 per cent greater last year than in the year 
before. The increase in the east-bound tonnage was due 
largely to remarkable increases in the volume shipment of 
two important Pacific Coast products, lumber and crude oil. 
Since the beginning of 1923 the volume of Pacific-to-Atlantic 
oil shipments has been increasing. In March, 45 American 
tankers carried 511,699 tons of oil, more than half as much 
again as in the entire year 1922, to the east coast. The 
1,000,000-ton increase in shipments from the east coast to 
the west coast was accounted for chiefly by a greater move- 
ment of manufactures of iron and steel, machinery and rail- 
road materials. 

Shipments from the west coast of Canada to Europe have 
grown remarkably in the last 3 years, increasing from 129,909 
tons in 1920 to 252,684 tons in 1921 and 661,769 tons in 1922. 
This was due largely to greater cargoes of lumber and 
wheat. Greatly decreased shipments of beef, mutton, tallow 
and other products in cold storage, consigned almost entirely 
to the British Isles, account for the drop in tonnage in the 
Australia-to-Europe route in 1922 as compared with 1921. 
The Panama Canal Record takes this as an indication that 
the cold-storage movement has taken another sea route to 
England, rather than that exports from Australasia to the 
mother country have declined.—Mercantile Trust Co. of Cali- 
fornia’s Monthly Review. 


FOR TRACTORS 


conclusion drawn by the station and by one of the larger 
private research agencies, working in cooperation, is that 
the air-floated dust causing trouble is of colloidal fineness, 
and that after so-called decolloidization or flocculation it is 
subject to control by known mechanical principles. The 
problem apparently now is to determine the factors govern- 
ing the flocculation of air-floated dust under such conditions. 
While the above statement of progress results may not be 
absolutely accurate, it serves, on the other hand, to indicate 
an effective way of bringing agricultural engineering facts 
of universal application to light. The purpose of the work 
mentioned is evidently not to show what method of dust 
removal of those known and available is best but to indicate 
the principles that, when embodied in any air-cleaner, will 
cause the maximum dust removal under the conditions 
imposed.—From an address by R. W. Trullinger, before 
American Society of Agricultural Engineers. 
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The Essentials of a Successful Constant- 
Compression Engine 


By C. E. Sarcent! 





ANNUAL MEETING PAPER 


Illustrated with PHoroGRAPH AND DRAWINGS 





HE efficiency of internal-combustion engines in- 

creases with the pressure of the charge at the time 
of ignition. Therefore, a compression at full load 
just below that of premature ignition is ordinarily 
maintained. But when such an engine is controlled 
by throttling, the efficiency drops as the compression 
is reduced, and as automobile engines use less than 
one-quarter of their available power the greater part 
of the time, the fuel consumption is necessarily high 
for the horsepower output. 

On account, also, of the rarefaction due to throttling, 
more power must be developed than is necessary to 
drive the car; automobile engines in which the fuel 
is introduced during the induction stroke, would be 
more efficient, therefore, if the maximum compression 
were constant during all ranges of load. In the design 
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FIG. 1—SECTION THROUGH THE COMBUSTION-CHAMBER 
OF A CONSTANT-COMPRESSION ENGINE USING A RE- 
VOLVING DISTRIBUTING-VALVE 
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Fic. 2—SECTIONAL ELEVATION THROUGH THE 
VALVE AND THE DRIVING MECHANISM WITH A 
HORIZONTAL SECTION THROUGH THB DISTRIBUTING- 
VALVE AND THE GAS AND AIR PASSAGES ABOVE 


under consideration this feature is accomplished by 
allowing free air, or the products of combustion, when 
the engine is running at less than full load, to enter 
the cylinder first, and the gas charge last so that it 
will be adjacent to the spark-plugs at the ignition 
time. By designing the combustion-chamber so that it 
will maintain a stratified charge during compression, 
ignition is effective, irrespective of the number of heat 
units introduced or the mean effective pressure de- 
sired. In the gasoline fuel at present available the 
induced charge is composed mostly of air with liquid 
spheres floating in it, so that violent agitation during 
the heat of compression is necessary to convert the 
liquid particles into gas; but the time is so short that, 
even with the maximum amount of perturbation, a con- 
siderable part of the fuel content is unconsumed. 
While turbulence seems necessary for ordinary vari- 
able-compression prime-movers, it would be fatal to a 
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Fic. 4—Enp ELEVATION AT THE LEFT AND AT THE RIGHT A SIDE ELEVATION OF THE CONSTANT-COMPRESSION EN- 
GINE SHOWN IN Fic. 3 


constant-compression engine the cycle of which de- 
pends upon stratification. To operate such an engine 
successfully, the fuel, before admission, must be con- 
verted into a fixed gas without raising the tempera- 
ture of the air above the dew-point. 

When accomplished in the manner shown, a constant- 
compression engine is entirely feasible. It may be 
constructed with a distributing-valve that varies the 
time during which air and gas are admitted or with 
poppet-valves that control the intake gases in the same 
way. While such an engine should have practically the 
same efficiency at full load as engines of standard con- 
struction, the fuel consumption per car-mile on less 
than full load should be considerably less. 





Fic. 3—Tux EXTERIOR OF THE CONSTANT-COMPRESSION ENGINE 
UstnGc PorreT-VALVPS FOR THE ADMISSION OF THE AIR AND THE 
FUEL 


speed of an automobile engine is throttling the 

intake, thereby reducing the quantity of explosive 
mixture admitted to the cylinders. While this method 
could hardly be improved upon for simplicity, it has two 
serious disadvantages that are recognized by the en- 
gineering profession. 

Throttling the mixture to reduce the speed and load 
lowers the compression, a condition conducive to ineffi- 
ciency, and reduces the absolute pressure above the piston 
during the induction stroke, materially increasing the 
fuel consumption. If, in running on less than full load 
the absolute pressure in the intake is 7.5 lb., the mean 
effective pressure during the corresponding working 
stroke would have to be 7.5 lb. higher than if this braking 
effect were eliminated. ‘I'he desirability then of a con- 
stant-compression engine, in which the compression is 
just below the critical point of preignition at all loads 
and speeds, is apparent, especially in automobile engines, 
which run at less than one-quarter load about 90 per cent 
of the time. 


‘i only method now employed for controlling the 


THE DIESEL TYPE 


The ultimate solution of the problem will, no doubt, be 
an engine of the Diesel type, in which the compression is 
inherently constant, but, for the present, an engine using 
available fuel, with normal but constant compression 
irrespective of the mean effective pressure, seems 
greatly to be desired. Reducing the fuel but not the air 
would solve the problem, if the attenuated mixture would 
ignite, but if there is less than 50 B.t.u. per cu. ft. of 
air at atmospheric pressure there will be no flame propa- 
gation; such a mixture, if the engine ran at all, would 
cause irregular and spasmodic firing, and much of the 
fuel would pass out unconsumed. 


EXISTING TYPES 


Decreasing the clearance as the induced charge is 
throttled will maintain a constant compression, but will 
not overcome the loss caused by manifold rarefaction. 
Engines have been built in which the clearance volume 
can be changed with the load, either by lowering the 
cylinder-heads or raising the crankshaft, both of which 
are too complicated for commercial success. During the 
last few years many constant-compression engines have 
been described and a few constructed, but to my knowl- 
edge none is in production. 
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A PROPOSED CYCLE 


If, on less than full load, we admit pure air, or the 
products of combustion, during the first part of the in- 
duction stroke, and a pure combustible during the last 
part, with a properly designed or proportioned clearance 
space, the fuel will remain adjacent to the ignition points 
when the spark is passed, yet the compression will re- 
main constant at all loads, and there will be no wire- 
drawing or rarefaction above the pistons during the in- 
duction stroke. By varying the ratio of the products 
of combustion, or of the pure air to the fuel, any load 
within the capacity of the engine can be carried, while 
maintaining at all times the predetermined compression. 


A NEW TYPE 


To prove that an engine operating on such a cycle 
could be designed to maintain a constant compression 
and a mean effective pressure commensurate with the 
load, and yet effectually ignite the charge during all 
ranges of horsepower output, a four-cylinder 4.x 6-in. 
Erd engine was rebuilt to incorporate a valve mechanism 
similar to that shown in Figs. 1 and 2. The inlet poppet- 
valve a opens into extension b of the clearance space c, 
similarly to the practice in conventional L-head engines. 
The exhaust-valve d is operated by the rocker-arm e, the 
tappet f and the cam g on the camshaft h. Both inlet 
and exhaust-valves have conventional timing. Under the 
intake-valve a is the cylindrical rotatable distributing- 
valve i, driven by the spur-gear j, the shaft k and the 
spiral-gear 1, meshing with the driving-gear m on the 
camshaft h. At full load the distributing-valve port n 
registers with the gas port o during the lift of the intake 
poppet-valve a, delivering only a pure mixture to the 
combustion-chamber. 

As the load gets lighter and less mean effective pres- 
sure is required to maintain the speed desired, the dis- 
tributing valve i is retarded in time with reference to 
the opening of the poppet-valve a by the control handle 
k, raising and rotating the spiral-gear / until the port n 
partly registers with the air-port gq, when the valve a 
opens, permitting a charge of pure air to scavenge the 
clearance and pass down with the piston. Before the 
valve a closes, the gas passage o will register with the 
port n, permitting a charge of pure gas to enter and re- 
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5—-SECTION THROUGH THE CYLINDER AND THE COM- 
BUSTION-CHAMBER OF THE ENGINE 


main adjacent to the spark-plug r during compression. 
Any ratio of pure air to inflammable gas may be obtained 
by adjusting the lever k. 

By rotating two distributing-valves in one direction 
and two in the opposite direction, the lever k is balanced, 
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and the gas passages between the cylinders are short 
and symmetrical. As no throttle between the carbureter 
and the engine is used, there is no rarefaction to assist 
in the volatilization of the fuel; consequently, the same 
grade of gas, but variable in amount, reaches the com- 
bustion-chamber during all ranges of load. 

While the operation of the engine on all loads seemed 
satisfactory, the elimination of the rarefied charge al- 
lowed the engine to idle on such a low mean effective 
pressure that it was at first difficult to determine whether 
all cylinders were firing. 


POSSIBLE LOSSES WITH THIS CONSTRUCTION 


Whether the initial gas adjacent to the piston is burned 
or passes out with the exhaust is indeterminable without 
an exhaust-gas analysis, and even such an analysis would 
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these liquid spheres by attrition into a mixture approach- 
ing a fixed gas. 

Turbulence increases the thermal efficiency in an in- 
ternal-combustion engine, except when natural or a fixed 
gas is used for fuel, yet no matter how violently the in- 
duced charge is agitated, when it is composed of liquid 
fuel and air, the time of gasification is so short that 
there will still be unburnt liquid at the end of the com- 
bustion stroke to contaminate the crankcase oil and 
develop carbon monoxide to be rejected in the exhaust. 


STRATIFICATION NECESSARY FOR CONSTANT COMPRESSION 


A constant-compression cycle depending upon a strat- 
ified charge cannot succeed, then, unless this charge is 
composed of fuel in a gaseous, liquid-free state; therefore, 
one of the problems of a successful constant-compression 


—J 
Fic. 7—THE FUEL-SEPARATING FAN USED ON THE ENGINE 
Details of the Vanes or Blades Are Given in the Upper Right Corner, While the 
Application of the Fan to the Engine Cylinder Is Shown in the Remaining 
Views, a Section Being Reproduced in the Lower Left Corner 


not be conclusive, as the induced charge of air and avail- 
able gasoline, when used in standard engines, even with 
a high degree of turbulence, shows free fuel in the ex- 
haust products. The average analysis of exhaust gas 
from 101 cars and trucks, tested by the Bureau of Mines, 
showed 6.5 per cent of carbon monoxide, which means a 
loss of 30 per cent of the available fuel. Some of the 
cars showed a monoxide content as high as 13 per cent, 
which means a waste of 50 per cent of the gasoline; and 
these figures do not account for the fuel that vitiates the 
lubricating oil when, in liquid form, it reaches the com- 
bustion-chamber and passes down to the crankcase. 

As practically all present-day fuel available requires 
500 deg. fahr. to volatilize the heavy ends, and as such a 
temperature of the intake air is fatal to the volumetric 
efficiency of an engine, a large proportion of the fuel 
passes to the combustion-chamber in the form of little 
liquid spheres floating in pure air. As every fuel sphere 
requires 10,000 times its volume of pure air for perfect 
combustion, and as liquid spheres, no matter how small, 
cannot burn before they are converted into gas, we see 
the desirability of violently agitating the air and the 
liquid particles, during the fractional part of the second 
that the heat of compression is available, to break up 


engine depending upon stratification is to furnish it with 
a pure gas, from our available fuel, without heating the 
air above the dew-point. 

To eliminate the remote possibility of allowing the 
mixture, which passes into the cylinder before the air, 
to be rejected with the exhaust unconsumed, as shown in 
the construction heretofore described, and to convert 
the available gasoline into a fixed, homogeneous and 
comparatively cool gas before reaching the combustion- 
chamber, the engine shown in Fig. 3 was constructed. A 
standard slow-speed, heavy-duty, four-cylinder, 51% x 7- 
in. Climax engine crankcase and shaft were used and 
the superstructure shown in Fig. 3 was placed on these. 
Fig. 4 illustrates the end-elevation at the left and the 
side-elevation at the right, each showing in section the 
device for converting the heavy fuel into a fixed gas 
before it passes the inlet-valve. Fig. 5 is a section 
through one cylinder, showing the valves, valve mech- 
anism and the combustion-chamber, in which s is the 
exhaust-valve, t the gas-valve and wu the air inlet-valve. 

The camshaft Fig. 6 carries three cams for each cylin- 
der and can be moved longitudinally by a governor or 
foot accelerator. The exhaust-cam v operates the valve 
s through the rocker-arm w and the tappet-rod x. The 
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Fic. 8—REPRODUCTIONS OF INDICATOR-CARDS OBTAINED FROM THE CONSTANT-COMPRESSION ENGINE AT DIFFERENT LOADS 


The Indicator-Card at the Upper Left Is an Idling Diagram from Cylinder No. 1, the Middle Card in the Upper Row 

Is Another Idling Diagram from Cylinder No. 1 with the Air-Valves Held Closed and the Card at the Upper Right Was 

Taken as the Full Load Was Thrown Off and Shows a Constant Compression but a Variable Mean Effective Pressure. 

The Indicator-Card Reproduced in the Lower Left Corner Shows an Ignition Timing That Is Too Early for Full Load 

and Too Late for Idling, While in the Card at the = Right the Time of Ignition Was Advanced as the Load was 
educed 


gas-valve ¢ is operated by the tappet y and the tapered 
cam z. The air-valve wu is operated by the rocker-arm a,, 
and the tappet b,, Fig. 4, and a cam behind z, Fig. 5, 
similar to it, but tapered in. the opposite direction and 
on the opposite side. 

The exhaust-valve has standard timing. The gas-valve 
at full load has standard timing, but as the camshaft is 
moved endwise, the time of opening the gas-valve be- 
comes later as the load gets lighter. The air-valve does 
not open at full load, but as the load decreases and the 
camshaft is moved to give less gas, the air-valve opens 
at the beginning of the induction stroke and closes shortly 
after the gas-valve has opened. 

At less than full load pure air enters the combustion 
space first, then, for an instant, air and gas, and finally 
pure gas, which remains adjacent to the spark-plug 
located at c,, during compression and ignition. To get 
quick and sufficient openings with the camshaft, the 
diameter of which was limited, toe cams were used under 
the tappets and the skirts on the poppet-valves, as shown 
in Fig. 5. 

A constant-vacuum carbureter d,, Fig. 4, supplied cold 
air and fuel vapor to a manifold branching to the head 
of each pair of cylinders. Between the manifold and the 
heads are bolted castings e,, containing the pure gas- 
making elements. The outer chamber of this casting is 
open to the exhaust from cylinders Nos. 1 and 2 through 





the ports f, and g. When No. 1 cylinder is exhausting, 
part of the exhaust gas passes through port f,, around 
the cored passage in e, to the port g, and to the regular 
exhaust exit of cylinder No. 2. When No. 2 cylinder ex- 
hausts, the direction of flow is reversed. The exhaust- 
gas direct from the cylinders keeps the wall h, sufficiently 
hot under any load to volatilize the heavy fuel-ends that 
reach it. 

Supported between two bushings and insulated from 
the heat of the outer chamber by the insulating material 
i, is a 12-blade fan mounted on ball or plain bearings. 
This fan is rapidly rotated by the induced air and fuel 
flowing to the cylinders. It is designed with combina- 
tion dampening-blades j, parallel to the fan-shaft, which 
tend to retard its speed, and the inclined blades k,, shown 
enlarged in Fig. 7, so that the air and the fuel starting 
through must change their direction about 30 deg. be- 
fore leaving the fan. 

As the weight of the liquid spheres is over 600 times 
greater than that of an equal volume of air, inertia drives 
them straight ahead, causing them to impinge upon and 
spread over the surfaces of the inclined parts of the fan- 
blades, and the attrition of the air and inertia drives the 
liquid to the gutters l., upper right corner of Fig. 7, from 
which, by centrifugal force, it is thrown through the 
registered openings m,, against the hot surface of the 
wall h., where the liquid fuel is converted into fixed gas, 
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Fic. 9—ANOTHER SET OF TYPICAL DIAGRAMS OBTAINED WI?PH THIS ENGINE 


The Indicator-Card Reproduced in the Upper Left Corner Was Taken at a Speed of 550 R.P.M. and a VariableeLoad: in 
the Upper Central Card, the Speed Was Increased to 600 R.P.M. and the Engine Was Fully Loaded: the Card in the 


Upper Right Corner Was Taken at a Speed of 500 R.P.M. 


and a _ Three-Quarter Load. The Diagram Reproduced in the 


Lower Left_Corner Was Taken at a Speed of 500 R.P.M. and a Variable Load and the Lower Central Card, Like the 
One above It, Was Taken at Full Load and 600 R.P.M. The Card in the Lower Right Corner Was Taken at a Speed of 
600 R.P.M. with Fixed Ignition Which Was Too Late at Light Load and Too Early at Full Load 
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If the liquid fuel reaches the inside of the fan-housing 
n, before it reaches the gutters, the lip o, will guide it to 
the holes m,, where it will mingle with the gutter fuel 
and fly to the insulating chamber. As the heat of the 
exhaust, insulated from the airstream, affects only the 
liquid fuel that reaches the wall h,, it would have no 
deleterious effect on the engine power if the fuel used 
were petroleum ether. 

When the heavy ends of liquid fuel reach the hot wall 
h, and are gasified, the pressure generated in p, drives 
the pure gas back, past the fan-housing, into the cold 
airsteam, whence it flows to the combustion-chamber. 
With this separating fan between the carbureter and the 
engine block, there is no evidence of free fuel reaching 
the lubricating oil, and as only pure gas reaches the 
combustion-chamber, violent perturbation or turbulence 
is superfluous. 

The engine governor, designed to operate a butterfly 
throttle, was not expected to move the camshaft longi- 
tudinally ; it was, therefore, connected to a balanced relay- 
valve, shown in the right half of Fig. 4, through which 
the governor would vary the pressure of the lubricating 
oil between the end of the camshaft and the closed end 
of the camshaft bearing. The camshaft was held in the 
light-load position by a helical spring. With an increase 
of the load and a decrease of the speed, the governor 
would open the relay-valve, admitting a higher oil-pres- 
sure to the end of the camshaft, thus moving it to the 
position to give a greater mean effective pressure. While 
this governing system held the average speed constant, 
the racing or surging of the engine above and below this 
speed, caused by the sluggishness of the system, was 
prohibitive; hand control, therefore, was finally used in 
this engine. 

TEe object of this experimental construction was to 
show that an engine could be made to operate on a con- 
stant compression for all ranges of load without missing 
an ignition, yet eliminating the rarefaction and braking 
effect found in standard engines using throttling control. 
At full load, the efficiency of such a cycle should be no 
better than that of the ordinary engine, other things 
being equal, but at light loads, at which the automobile 
more often operates, a saving in fuel should be effected. 
Compared with a standard 4x 6-in. throttling engine of 
the same make as was used in constructing the engine 
shown in Fig. 1, the constant-compression engine, when 
idling at the same speed, ran 17 per cent more revolu- 
tions per unit of fuel. 

Diagrams from the engine, Fig. 3, taken at a speed not 
to exceed 600 r.p.m., are interesting and instructive, and 
as reproduced in Figs. 8 and 9 show that the conditions 
anticipated are realized. Using a 4.7 to 1 ratio, the com- 
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pression approximates 90 lb. gage pressure with full 
mean-effective-pressure range. 

Fig. 8, at the upper left, shows an idling diagram from 
cylinder No. 1. The upper central view shows an idling 
diagram from the same cylinder and the same idling 
load with the air-valves held closed. The compression is 
about one-third that shown on the card at the left and 
the mean effective pressure in the central card equals, 
approximately, that in the card to the left, plus that of 
the loop below the atmospheric line in the central card. 

The indicator-card at the upper right was taken as the 
full load was thrown off, showing a constant compression 
but a variable mean effective pressure. As the total 
number of heat-units admitted became less, inflammation 
or flame-propagation was slower, indicating that for the 
best efficiency the time of ignition should be materially 
advanced inversely as the load. The card at the lower 
left shows an ignition timing too early for full load and 
too late for idling. In the lower right diagram the time 
of ignition was advanced as the load was reduced. 

Fig. 9 shows typical diagrams from this cycle and em- 
phasizes the possibilities of a constant-compression 
engine. 

CONCLUSION 


Constant-compression engines in which throttling is 
eliminated are feasible if the construction permits the 
admitting of an inert gas at less than full load during 
the first part of the induction stroke and of a burnable 
gas during the last part, which will remain adjacent to 
the spark-plugs during the compression stroke. As 
stratification is essential for such a constant-compression 
cycle, the induced charge must not require violent agita- 
tion or turbulence to improve the gasification of the fuel. 
If turbulence is not permitted, the fuel must be converted 
into a fixed gas before it reaches the combustion-cham- 
ber, without heating the air above the dew-point. With 
a fixed gas entering the engine last during the induction 
stroke, ignition is as sure under a predetermined high 
compression as with the lower and variable compression 
of throttling engines, when turbulence causes a com- 
mingling of the products of combustion with the gas. 

While the valve motion of a constant-compression is 
more expensive than that of a throttling engine, it is by 
no means prohibitive. The simplicity of a throttle-valve 
engine could hardly be improved upon, yet with thermal 
advantages possible and probable, constant-compression 
control could be worked out in a way that would be 
satisfactory to all. If the construction described and 
the essentials of a constant-compression engine, as set 
forth, open up-the possibilities of such a cycle and start 
further investigation, I shall feel recompensed for the 
time and study I have devoted to the subject. 





NATIONAL 


We have in this Country 


110,000,000 persons, occupying over 3,000,000 sq. miles 
of territory, and possessing wealth estimated at 
$300,000,000,000. 

$40,000,000,000 of bank deposits. 

$70,000,000,000 of outstanding life-insurance 

500,000,000, acres of improved farm-lands, valued at 
$77,000,000,000 

24,000,000 milch cows, 40,000,000 head of other cattle, 

40,000,000 sheep and 60,000,000 swine 


STATISTICS 


3,000,000,000 bu. of corn and 1,000,000,000 bu. of wheat 
produced annually 
$60,000,000,000 worth of manufactured articles pro- 
duced annually 
24,000,000,000 gal. of crude oil produced annually 
250,000 miles of railroad 
250,000 miles of commercial telegraph lines 
800,000 miles of telephone lines 
20,000 daily and weekly newspapers— 
Walter W. Head, president, 
American Bankers Association. 
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The Engineer's Duty in Simplifying 
Electrical-Equipment Repairs 








By J. W. Tracy! 








Dayton SERVICE MEETING PAPER 





ELECTION and application of the apparatus is 
stated to be the starting-point for the engineer in 
simplifying repairs to electrical equipment, and illus- 
trations are cited to show that this is not a difficult 
matter today. The one outstanding feature that should 
dominate all effort along this line is accessibility; but 
if the repair is to be simple, the apparatus itself must 
be simple. Odd sizes and shapes must give way to 
commercial standards. Intricate assembly operations 
and complicated circuits must be simplified and the 
engineer should design apparatus for repair with simple 
tools, although special tools must be distributed also. 
Maintenance of repair-parts stock, the necessity for 
a background of experience, the dissemination of tech- 
nical information and of explicit service instructions 
for new apparatus are given brief consideration. The 
engineer can do most to simplify repairs when he has 
an intimate and personal acquaintance with the 
troubles and a just appreciation of his co-workers’ 
recommendations. 


NFORTUNATELY for the equipment manufac- 
turer, the demand for electric generators and 


starting-motors for automobiles came at a time 
in the development of the vehicle when electric starting 
and lighting was considered a refinement rather than a 
necessity. The passenger-car engineer’s effort up to this 
time had been directed toward a design that would be 
practical and dependable and permit the rapid production 
made necessary by the increasing competition. Any at- 
tachment that did not contribute directly to the actual 
operation of the car was not looked upon by the en- 
gineers with any marked degree of enthusiasm. More- 
over, the automobile had begun to crystallize into a gen- 
eral uniformity of design and appearance in which time 
and economic factors made redesign unwelcome and un- 
desirable. Electric starting and lighting came in for its 
full measure of distrust and unpopularity in this respect. 
Contrast, for example, the status of the carbureter. As 
an essential component of the engine assembly, it was 
considered from the very beginning of the design. To 
be sure, its radius of location was limited but care always 
had to be exercised to permit access for adjustment and 
repair. 

Consequently, when the demand for electrical equip- 
ment came, and it came over-night, there was little time 
and often little inclination to redesign the engine and 
the chassis for its reception. It was applied where it 
could be applied. To say that it was applied in the most 
convenient location would be in most cases a gross exag- 
geration. It was often so hidden that it almost defied 
detection and, when it was found, it was a long and ardu- 
ous job to take it out to make repairs. It is a fact that 
in a number of installations it was necessary to lift the 
engine from the chassis to remove the starter-generator ; 
and dropping the crankcase or taking off the radiator to 
make a minor electrical repair was a mere detail. Elec- 
trical repairs thus started with a bad handicap and, 
however much has been done by the engineer to improve 
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this condition, considerable room for improvement still 
remains. 


SELECTION OF EQUIPMENT 


Obviously, the starting-point for the engineer in 
simplifying repairs is in the selection and the application 
of the apparatus. While it may be true that the choice 
of the engineer in selecting equipment for any particular 
installation may have no direct bearing on the case or 
difficulty with which repairs can be effected, undoubt- 
edly the electrical service-man’s work is complicated 
seriously by the unsatisfactory performance of inade- 
quate apparatus. No repairman, however expert, can 
hope to satisfy a car-owner when the generator has not 
the output to meet the demand of the starting and light- 
ing system. He cannot make a puny starting-motor 
exert itself beyond its inherent capacity on a cold morn- 
ing. 

The selection of proper equipment in this day is not 
a difficult matter. Data from exhaustive tests and long 
experimentation by the electrical-equipment engineer, 
the automobile engineer and the battery engineer are 
readily available. There need be no guesswork in deter- 
mining the torque required to crank the engine. Extreme 
conditions of operation are now reproduced in the labora- 
tory, and the engineer can specify the power rating of the 
starting-motor with the assurance that the latter will 
meet all requirements. A simple calculation will deter- 
mine the output of the generator necessary to keep the 
battery in condition to meet the demands of starting, 
lighting and ignition. The battery is of vital importance, 
yet is often dismissed with scant consideration. It 
should be selected in view of the duty it is to perform 
rather than of the space it is to occupy. The engineer 
can then make a good start in simplifying the lot of the 
repairman at least by selecting equipment that will do 
the work required with a fair margin of safety for the 
emergency. 

APPLICATION 


The application of the electrical equipment offers, per- 
haps, the greatest opportunity for the engineer in sim- 
plifying repairs. The one outstanding feature that 
should dominate all effort along this line is accessibility. 
It is safe to say that by far the largest part of the wholly 
unjust criticism that is directed against the service-man 
is caused by labor charges for which he is not responsible. 
For example, a car-owner calls at the service-station and 
reports that his generator is not charging; he is told to 
leave his car and the trouble will be corrected; he returns 
after a few hours and is presented with a bill listing a 
charge of $6 for labor and 60 cents for brushes. He is 
not any better pleased when told that it was necessary 
to remove the radiator to get at the brush-rigging. It 
is not unusual to find it necessary to drop the oil-pan to 
make minor repairs to the starting-motor or generator or 
even to make a preliminary inspection. When the elec- 
trical equipment is accessible, repairs simplify themselves 
because troubles are easily located and corrected before 
they become serious. A good example is found in the 










































Vol. XIV 











January, 1924 


No. 1 


12 THE JOURNAL OF THE SOCIETY OF AUTOMOTIVE ENGINEERS 


distributor-board. It is rarely located now where it 
cannot be examined and repaired with minimum effort. 


UNNECESSARY STYLES AND SIZES 


If the repair is to be simple, the apparatus itself must 
be simple. Odd and unusual sizes and shapes of bolts, 
nuts and screws must give way to commercial standards. 
Intricate assembly operations and complicated circuits 
must be simplified. The engineer should design appa- 
ratus for repair with simple tools. Pliers, screw-drivers 
and standard wrenches are always at hand, but special 
tools must be distributed. 

One of the most difficult problems the service-man has 
to contend with is maintenance of the repair-parts stock. 
On the 14,000,000 automobiles now in use there are over 
1000 different designs of electrical equipment. On a 
very large percentage of these cars standardized equip- 
ment of one of the four rated capacities recently adopted 
by the Automotive Electric Service Association could be 
satisfactorily installed. One electrical manufacturer has 
over 400 different armatures to service, all for machines 
now in the field. The need here is obvious. Standardize 
to reduce the number of models and parts. Discourage 
unnecessary and minor changes in application and de- 
sign. Where changes are necessary and desirable, a 
decided effort should be made to use parts common to 
apparatus already in use. Encourage development and 
research, but put new devices into service only when they 
represent and have proved to be a distinct and a desira- 
ble advance in the art. 


LABORATORY AND FIELD 


Satisfactory service is practically impossible when the 
car-owner field is made the laboratory. Unless a back- 
ground of experience, built up through long and careful 
test of the new design before it is put into production 
exists, simplicity in its repair cannot be expected. The 
only hope is the ingenuity of the repairman; however 
skillful he may be, the general result cannot be satis- 
factory. Substitution of parts, usually of inferior 
quality because an economical genuine parts-stock can- 
not be selected except through experience, will occur. 
Replacement units for service are not practical for de- 
vices in the development stage. The service-station 
shelves may be loaded with units that will become obso- 
lete before they can be used. 

The matter of technical information is also brought 
into the situation. A simple repair cannot be expected 
from the service-man if he is confronted with a new and 
strange device. The general principles of operation of 
kincred equipment may be the same but, in apparatus 
with which he is not acquainted, the repairman finds 
that there are sub-assemblies and adjustments which 
have to be studied and guessed at, often with disastrous 
results. Time is lost in tracing out circuits, making and 
unmaking connections, final tests are based upon incor- 
rect assumptions and the repair, simple in itself, is thus 
confused and complicated. 


INFORMATION SERVICE 


The introduction of new apparatus should be preceded, 
or at least accompanied, by full and explicit information 


for its service. Repair-parts lists should be furnished 
the service-man. Such lists compiled as a result of ex- 
perience with similar apparatus and of the observation 
of the new devices during development should specify 
the quantities of parts to be carried in a service stock. 
The service-man is not in a position to decide the matter. 
His natural inclination is to wait until he has a call for 
the part rather than to anticipate the need. Price-lists, 
with all parts plainly illustrated by cuts and definitely 
named and numbered, are of course a necessity, as well 
as sectional drawings of the apparatus in which the pre- 
cise location of each part is shown. Drawings giving as 
nearly as possible the location of the particular equip- 
ment with respect to the other apparatus on the car 
should be provided. The car wiring can be incorporated 
in such a drawing; if a perspective or a graphic repre- 
sentation is used, so much the better. Internal-wiring 
diagrams are to be furnished, of course. Short-cuts in 
production repairs and assembly, changes in material, 
design and operating performance should all be carefully 
explained to the service-man from time to time as the 
occasion presents itself. While there may be some ques- 
tion as to whether the disseminating of this information 
comes within the engineer’s province, it is nevertheless 
a fact that he is the source of the original data, and he 
can insist that his apparatus be given the benefit of his 
service. 

The electric-equipment engineer can become more 
effective in simplifying repairs by becoming acquainted 
with them, and no better avenue or approach for this 
exists than through the service organization. Study and 
analysis of trouble reports will often point the way to a 
simple change in design that may not only simplify but 
perhaps entirely eliminate a repair. For example, an 
original third-brush adjustment on a generator was made 
by turning a hexagonal nut with a wrench. This was a 
simple operation until a change in carbureters by the 
car builder introduced interference which made the ad- 
justment an expensive repair-job. When the engineer’s 
attention was called to the complaints appearing in the 
service reports, a slotted head was substituted for the 
hexagonal head and the complaints disappeared almost 
immediately after the change was made. 

The design of new apparatus and changes in the de- 
sign of apparatus already in use can be benefited in 
practically every instance by reference to the service de- 
partment’s experience. Changes of any kind whatever, 
in production, design or material, should be submitted to 
the service department. Ninety-nine times the change 
may be of no consequence one way or the other, but the 
hundredth time it may be of great importance. A ma- 
terial or a finish that is highly satisfactory on the roads 
of New England may be worthless in fording the streams 
of West Australia. A small change in the size or the 
shape of a device may call for radical changes in test 
equipment throughout the whole field-service organiza- 
tion. 

The simple and comprehensive answer to this question 
is that the engineer can do most to simplify the repairs 
when he has an intimate and personal acquaintance with 
the troubles and a just appreciation of his co-workers’ 
recommendations. 
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paper at the October meeting of the Metropolitan 

Section was entirely verbal, no written contribu- 
tions being received from members who were unable to 
be present. In accordance with the usual practice the 
stenographic report has been submitted to the various 
speakers for correction and to the author for any addi- 
tional comment that he cared to make and the discussion, 
as corrected and amplified, appears below. For the con- 
venience of the members an abstract of the paper pre- 
cedes the discussion with a reference to the issue of 
THE JOURNAL in which the paper was published so that 
those who desire to refer to the complete text can do so 
with a minimum of effort. 


‘ke discussion following the presentation of this 


will be reduced to a minimum and the longitudinal 
motion will be increased to a maximum. In any de- 
sign the two points to be kept in mind are a low rate 
of wear and a high rate of heat dissipation. In gen- 
eral, large linear dimensions are desirable but better 
air-circulation sometimes makes smaller sizes prefer- 
able. In light cars weight is of importance, while in 
heavy cars size is the controlling consideration. Unit 
pressures depend largely on the materials used; a 
brake-drum with hard surface with a lining of suit- 
able material may enable higher unit pressures to be 
used than a soft surface with a lining inherently weak. 
Most brakes depend on either the external or internal 
application of shoes or bands. The features of the 
band type are light weight and a large friction-area. 















ABSTRACT 


RAKES have three functions: (a) maintaining a 

car at rest, (b) reducing the speed of a vehicle or 
bringing it to a stop, and (c) holding a vehicle to a 
constant speed on a descending grade. The kinetic 
energy of a moving vehicle is directly proportional to 
the weight of the vehicle and to the square of its speed. 
The amount of heat produced in the braking surfaces 
of a vehicle descending a given grade for a given dis- 
tance will be the same whether the speed be high or 
low, but the rate of heat production will vary inversely 
as the speed. In addition to the retarding effect of 
the braking system a braking effect is constantly pres- 
ent that depends on the tractive resistance of the 
vehicle at various speeds and on the engine itself. 
Wind resistance and the resistance of the engine when 
the throttle is closed also produce retarding effects 
that assist in the work of braking. 

Among the desirable features that should be kept 
in mind in designing brakes are (a) the maximum 
retarding effect with reasonable physical effort on the 
part of the driver, (b) smoothness of retardation, 
(c) a retarding effect proportional to the pedal pres- 
sure, (d) no tendency to be self-locking, (e) durability 
or long life, (f) ease and simplicity of adjustment, 
(g) strength, easy operation and thorough dependa- 
bility and (h) brake-operating levers that may be 
easily and quickly reached in emergency. 

The power available for operating brakes is a pedal 
movement of 4 to 5 in. coupled with a foot pressure 
that varies with the person operating the brake; con- 
sequently, brakes should be designed for the weakest 
driver. A properly designed mechanism will some- 
times accomplish the same result with one-half the 
pedal movement that is required by another linkage 
of the same type but of inferior design. The linkage 
should be simple and direct, and the relation of the 
centers of the connections that operate the brakes on 
the axles and the wheels should be carefully studied 
so that the relative motions of the axle and the 
frame will not affect the linkage. If the major 
part of the multiplication of leverage takes place at 
the brake-drum the strains in the operating mechanism 


2See THE JOURNAL, June, 1922, p. 457. 


1M.S.A.E.—Technical assistant to the president, General Motors 
Corporation, New York City. 


The external band is easier to design, as the anchor 
point can be placed in any position desired. To obtain 
smooth action and long wear from a shoe-type brake, 
rigidity of both the drum and the shoes is essential. 
The balance of advantage appears to be in favor of 
the contracting-band brake, especially when the travel 
is over hard-surface roads. The requirements of brak- 
ing materials are that the drum be as hard as is com- 
mercially possible and retain its hardness when heated, 
while the brake-lining should be close-grained and hard 
with a uniform coefficient of friction throughout its 
life—[Printed in the November, 1923, issue of THE 
JOURNAL. | 


THE DISCUSSION 


H. M. CRANE:—The two drawings shown in Figs. 2 and 
3 happen to be band brakes and external. I am showing 
them simply to give an idea of how the principles out- 
lined in the paper appear in actual practice. Fig. 2 is 
the rear-wheel brake on a semi-Hotchkiss-drive car, hav- 
ing a distance-rod axle control, such as I have described 
in a previous paper’, and shows the point of attaching 
the distance-rod; also the axle center and the brake-oper- 
ating linkage. 

Some idea may be obtained from the length of the 
lever as to the amount of motion in the operating rod. 
The angular motion of the lever is very great compara- 
tively, being 5 or 6 in. probably in the total travel of the 
brake. It is always the same; it is set in the original 
adjustment of the brake and is never changed. The 
entire adjustment for the wear of the brakes throughout 
their life is obtained at the brake-band. None of these 
other links is ever altered after the brake has been orig- 
inally set. It is purely a factory adjustment. In this 
particular brake a toggle arrangement is used so that the 
first motion of the bands is relatively rapid and as the 
lever moves the leverage increases very rapidly. 

The anchorage is not shown clearly in the figure but 
it is very close to the band, as close as it can be brought, 
with sharp, square corners, to obviate any possibility of 
the band’s cocking under. The anchorage also is very 
wide compared to that frequently used on brakes of this 
type. 

The cross-shaft, which is operating in mud and dirt 
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most of the time, is provided with bushings at the two 
ends and @ large area in the middle, which is filled with 
lubricant and will keep the system in working order 
for some time. It is absolutely essential to do this be- 
cause the owners do not seem to follow up this lubrica- 
tion. 

Fig. 3 is a transmission brake, in which the point of 
interest is the link-type anchorage; you will also see that 
it has a nearly tangential pull on the brake-band, with a 
View to making sure that there shall be no cocking and 
no tendency to jam under the anchorage or to be self- 
tightening. 

The operating lever and the pull-rod are also very close 
to tangential. In Fig. 3 they are almost exactly so. The 
brake shown in Fig. 2 is very close to it and because of 
the fact that in operation the lever swings out, it tends, 
if anything, to unload slightly rather than to tighten up 
at this point. 

The points of the band are carried beyond the pivot 
points sufficiently far to equalize the pressure on the 
extreme ends. There was only one actual service-adjust- 
ment on this brake, the nut that draws the points to- 
gether. There is no adjustment from the pedal to the 
points. 

In the preliminary adjustment in the factory a set- 
screw is used that carries the weight of the brake-band 
and the overhanging linkage; and when once set it rarely 
needs to be changed. The other adjustment is the back- 
stop screw at the anchorage that provides the original 
clearance at this point. The clearance is maintained by 
a spring when the brake is released. 


LUBRICATED TRANSMISSION 


This transmission brake might easily be mistaken for 
a rear-wheel brake. The two drums are 12 in. in diam- 
eter and 2 in. wide. It is useless to expect to get re- 
sults from a transmission brake that are not possible 
unless nearly the same braking area is provided as that 
used on rear-wheel brakes. There is no magic in the 
fact that the brake-drum moves faster to improve con- 
ditions as to heating and the like. The unit pressures 
are lower, or can be lower, on account of the higher speed, 
but that will not compensate for making the parts so 
small that overheating occurs. 

I had a brake-band linking removed from a brake of a 
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design somewhat similar to this. It was an earlier de- 
sign and not so complete or so good as this design in 
some ways; but it is interesting as showing that it is 
possible to obtain practically uniform braking over the 
complete surface of a brake-band and thereby obtain 
long life. 

It is also interesting in showing one of the advantages 
of a propeller-shaft brake; and that is the relative im- 
munity from dirt and mud. The band has not been 
cleaned in any way since it was removed from the car. 
The car with this band on it went out of the body- 
builder’s shop in January, 1917. The band was removed 
from the car in October, 1923. During that period the 
car had been driven 65,000 miles, mostly on the north 
shore of Long Island, with occasional trips up into the 
Berkshires and other trips of that character. It had not 
been driven much at very high speed and in all cases 
the engine was used for braking, so far as it would 
brake on high gear. I do not recollect that the engine 
was ever used on a lower gear to obtain braking effect. 

In other words, the use was such as the average man 
would give a brake when driving in average crowded 
districts. The brake has, however, been run in oil, not 
submerged, but oiled from time to time as the condition 
of the lining will show. I am willing to acknowledge 
that this was accidental, at first. I had never seen a 
transmission brake in which oil did not seem to get out 
of the transmission and onto the brake-drums. When 
first we produced one we decided that the only safe thing 
to do was to make it so that it would hold anyway. As 
a matter of fact, the service was so much smoother when 
the brake had oil on it, for a certain amount of oil is 
necessary to get the full smoothness of operation, that 
we continued to oil the brake. We found the very de- 
sirable further result that the oil kept the binder in good 
condition in the lining and that the lining practically 
never wore-out. 

This band was removed entirely by mistake. The 
lining has not worn-down nearly to the rivets at any 
point. Personally I should have continued it in service 
probably for 50,000 miles longer. 

A. L. RIKER:—Mr. Crane’s statements bear out a great 
many experiments that I have conducted and his lubrica- 
tion proposition is right. In our old chain-drive cars 
we used to lubricate the brake-shoes even when we used 





Fic. 2-—ASSEMBLY OF A REAR-WHEEL BRAKE ON A SEMI-HOTCHKISS DRIVE CAR HAVING DISTANCE-ROoD AXLE CONTROL 
The Points of the Band Are Carried beyond the Pivot Points Far Enough To Equalize the Pressure on the Extreme Ends 


and the Only Service Adjustment Necessary Is the Nut That Draws the Points Together 
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Fic. 3—ASSEMBLY OF A HAND-OPERATED EXTERNAL-BAND TRANSMISSION BRAKE 
The Special Features of This Brake Are the Link-Type Anchorage and the Use of an 
Almost Tangential Pull on the Brake-Band To Overcome Any Tendency to Cocking, 

Jamming under the Anchorage or Self-Tightening 


cast-iron, because we found we got a better and 
smoother braking action and one that is fully as effective. 


DESIGN FUNDAMENTALS 


A. L. CLAYDEN:—Mr. Crane.has brought out splen- 
didly the fundamental importance in brake designs, as in 
most other things, of designing them right and making 
them right. He makes it clear that the first thing a 
brake has to do is to absorb energy, that the durability 
of the brake in absorbing that energy is dependent on 
the amount of service it has, and that the effort that is 
required will depend on the amount of lost motion and 
friction in the operating mechanism and, of course, on 
the coefficient of friction. These are absolutely the 
fundamentals of a brake. You can get infinitely better 
results out of thoroughly well-made brakes of simple de- 
sign than out of the most complicated mechanisms of 
poor construction. I believe that we have a tendency in 
America toward making rather complicated mechanisms, 
using the manufacturing standards to which we have 
been accustomed rather than improving the methods of 
manufacture. 

There is no magic in having 2 brakes, or 4, or 12. You 
can apply any number of brakes to a machine at any 
number of points. Their efficiency will depend on the 
perfection of the work that is put into them. There is 
no magic about where you take hold of a thing to stop 
it. The idea that brakes on all four wheels have better 
durability than brakes on two wheels is explained by 
the greater braking area and the larger amount of ma- 
terial that is used. I think it is desirable when a dis- 
cussion of a subject of this sort comes up not to speak 
or think quickly, but to stop and go back to the funda- 
mental principles of what we are trying to do; in other 
words, of absorbing and changing a certain amount of 
mechanical power. 

CHAIRMAN CORNELIUS T. MyYERS:—Those are very 
pertinent remarks. I think that the development and the 
very extreme advocacy of some companies on the ques- 
tion of four-wheel brakes today will have a most salutary 
effect upon the usual type of brake equipment of Ameri- 


can cars. Knight could get no recognition for his engine 
in this Country. He went abroad and there demon- 
strated to the Daimler Co., in particular, that his engine 
was more silent than its engine, but particularly that 
his engine for a given displacement would develop 
more power. That was a very important thing abroad 
where they had a horsepower tax, and it appealed par- 
ticularly to the British engineering fraternity. They 
accepted his engine there and paid him a large royalty. 
He came back to this Country with the prestige gained 
abroad and he immediately began to get licensees here. 

What happened? The poppet-valve engine builders had 
to sit up and take notice. Here was an engine that 
would produce more torque per cubic inch than theirs, 
and it was only about a year and a half before the poppet- 
valve engines had increased their efficiency to such an 
extent that they could exceed the power per cubic inch 
delivered by the Knight engine. 

Now the four-wheel-brake question will certainly come 
up and be aired in the industry. I just want you to bear 
that in mind. Up to the present time brakes have been 
really one of the weak points of our cars. We have had 
some companies with the initiative to put on four-wheel 
brakes with the additional complications, the additional 
weight and the additional experience that they involve. 
These are not things to be considered lightly, either. I 
have no doubt whatever that the types of brake in com- 
mon use today will be improved to an extent that will 
greatly surprise many people. 

Another thing about Mr. Crane’s paper appeals 
strongly to me. That is, that he did not use the so- 
called word “decelerate” that many men, who ought to 
know better, have continuously perpetrated upon us in 
the past year or so. There is no such word in the En- 
glish language as “deceleration” or “decelerate.” “Re- 
tardation” is the accepted term both in general conversa- 
tion and in technical use. There are more words in the 
English language than any of us can use or define, and 
many that are constantly abused. In the interest of 
simplification and standardization let us be very careful 
how we introduce another, especially where it is synony- 
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mous with an already accepted technical expression. 

A. M. Yocom’:—Excepting one design, approximately 
98 per cent of all cars on the road have the brake-pedal 
connected by long rods to brakes that act directly on 
drums, which are bolted to the rear wheels. These drums 
are about 41% ft. apart and it is perhaps 6 ft. from the 
pedal to the drums. Connections to the three separate 
units, one pedal and two drums, are necessarily flexible; 
their bearings are inefficient and inaccessible. They are 
exposed to the most undesirable conditions, and they 
detract from clean chassis design. 

Heavy retractor springs are required to keep the 
brakes from dragging and rattling. When it becomes 
necessary to make adjustments, this means jacking up 
the car, getting under, freeing the turnbuckles of mud 
and rust and setting-up the shoes or bands so that they 
apparently grip the same on each drum. When the car 
is let down to the floor, the unequal spring-deflection 
under varying loads completely destroys the apparent 
equalization. 

It would be very difficult to create worse conditions 
than now exist in average motor-vehicle braking sys- 
tems. It will always be necessary to place drums on the 
rear wheels, for the reason that if a car going up a steep 
grade should break the drive-shaft or the axle-shaft or 
shear a hub-key, a transmission brake would be useless. 
The hand or emergency brake connected to the drums on 
the rear wheels is the proper arrangement to meet such 
conditions. The layout, of course, must be made so that 
loading and unloading do not affect the brakes. 

A brake on the drive-shaft immediately behind the 
transmission is being designed. The adjustment is 
easily accessible to the driver as he is piloting his car 
down the street. As he screws down on the thumb-nut, 
he can easily feel a tug if the bands or shoes begin to 
drag. 

The foot-pressure required to stop the car is less by 
several hundred per cent, assuming equal braking areas, 
than that required when the bands or shoes make con- 
tact with rear-wheel drums. The commercial linings 
that are now marketed have frictional qualities that are 
wholly adequate. It is not improbable that the contact- 
ing surfaces can be made of metal that will last the life 
of the car. Connections from the pedal to such a brake 
are short and positive. The mechanism could be easily 
shielded from foreign matter that would cut the drums, 
air-scoops could be arranged in the shield, and several 
streams of air poured directly on the parts that might 
become heated. 

The slight addition, which might be necessary in 
making the rear axle strong enough to withstand the 
additional braking strains, would be more than offset by 
the removal of one set of brakes on the rear axle; and 
the neat appearance, which is gained, is another factor 
to be favorably considered. 

Let us assume that a man steps into his car. The 
service brakes are on the two rear wheels. The man 
drives down the street, comes to a cross-road, and at- 
tempts to stop his car. The car retards only slightly. 
He does this every morning and throughout the day, per- 
haps for the next 30 days, each time promising himself 
that he will have his brakes adjusted. If there were an 
accessible thumb-nut at his feet, that would adjust the 
permanently equalized brakes, would he drive for 30 
days without brakes? 

Front-wheel brakes, the latest necessary arrival in the 
automobile industry, perform remarkably well when 
hooked-up to a transmission brake. This arrangement 


’M.S.A.E.—Chief engineer, U. S. Axle Co., Pottstown, Pa. 
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is far more satisfactory than connecting them with rear- 
wheel brakes. It means one rod 3 to 5 ft. long from the 
transmission brake to the front axle, as against 20 ft. 
of rod and several brake countershafts when the four 
wheels are hooked together. 

A propeller-shaft brake with a thumb-nut adjustment 
requires 30 sec. to adjust. The latest type of self-equaliz- 
ing front-wheel brake, with the lateral sliding operating 
rod, requires 2 min. to adjust. The latter arrangement 
can be easily connected so that it is possible to slide four 
wheels, or it may be arranged so that it is impossible to 
slide any of them. 

The latest safety coach is built very low. To get brake- 
rods to the rear axle is an additional problem. To get 
good four-wheel brakes without excessive pedal or servo 
systems on heavy motor-vehicles can be readily accom- 
plished by the use of a drive-shaft brake in conjunction 
with front-wheel brakes. 

The wrapping-type band-brake requires little pedal 
pressure but seems at times very harsh. The non-wrap- 
ping type with the many retractor springs requires heavy 
pedal-pressure but gives good positive action. 

With the transmission brake of the non-wrapping 
type the retardation is positive and free from all the 
harshness that makes the action of the wrapping-type 
brake at times very uncertain. 

R. W. A. BREWER:—Mr. Crane has mentioned that the 
mechanism of braking is practically the same as it has 
been for the last 15 years. The difficulty in applying 
the mechanism is, I think, in getting a frictional surface 
that can be relied on; the light that he threw upon it 
when he showed us the lubricated fabric brake-lining 
seems to indicate that if we could modify our brake de- 
signs so as to use existing types of fabric and to give 
the fabric under working conditions some kind of uni- 
form lubrication, we might get over what seems to be 
the greatest difficulty of the brake problem at the present 
time. 

Mr. Crane referred to the fact, of which we all know, 
that the ordinary type of woven fabric varies enormously 
from time to time in its braking effect. It is apparently 
of little use to elaborate on the application of the pres- 
sure if the result when the pressure has been applied 
does not remain within some reasonable measure of uni- 
formity. 

There is one other point that nobody seems to refer 
to, except in the very casual way of saying that such and 
such a brake can be adjusted in 15 sec. and another one 
in 2 min. Under actual service conditions, the great 
difficulty of making an adjustment is the bugbear. If 
one could design adjusting screws, springs and the other 
mechanisms that hold surfaces in contact or withdraw 
them, so that the adjustments could be made and so that 
the various springs would function, I think we should 
have people more anxious and willing to make adjust- 
ments. 


EFFECT OF AXLE MOVEMENT ON BRAKES 


C. J. EVERETT:—Many designers of brakes either do 
not understand kinematics or, if they do, pay little atten- 
tion to the relative movement of the brake levers as in- 
fluenced by the movement of springs and the rear axle. 
One car-builder admitted that on its late models a great 
amount of trouble is encountered because the brakes be- 
come set by the partial rotation of the rear axle when 
going uphill and released by the same action when going 
downhill. This results in the burning-out of the brakes 
going uphill and prevents their gripping when going 
down. 
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In the service-stations they set the brakes as loose as 
possible and trust to luck that they will hold on a hill. 
This make of car is not the only one that has this 
trouble. It is not a difficult matter to design a brake 
mechanism that will not be influenced by the movement 
of the springs and the rear axle. As the brakes are 
about the most important thing on an automobile, there 
is really no excuse for jeopardizing lives by defective 
brakes. 

RALPH M. WERNER:—Regarding the question of axle 
displacement in Hotchkiss-drive type of vehicle, due to the 
driving and the braking reactions and the effect of such 
displacement on the action of the braking system, let us 
assume that the wheel is turning; we apply the brake 
to the wheel; naturally the brake tends to turn with 
the wheel and the axle with it. The result is that the 
axle displaces itself in a direction corresponding to the 
wheel rotation and in doing so changes its relation to 
the brake-operating linkage so as partly to release the 
brake that has been applied. On the other hand, it is 
well appreciated that an axle in driving tends to dis- 
place itself in a direction opposite to that of the wheel 
rotation, and with the standing type of lever for brake 
operation, this results in the brakes applying themselves 
to some degree. In service, when the brakes were closely 
set and the wheels rotated freely when jacked up, I have 
seen the same brakes apply themselves to such a degree, 
due to driving-torque reaction, as to cause them to heat. 
The same brakes when applied were none too good. In 
my opinion, it is highly desirable to mount brake-levers 
on axles in a hanging manner, which will produce the 
reverse effect on brake performance to that of levers of 
the standing type, as described above. 

HERBERT CHASE:—I assume that Mr. Crane’s paper 
applies primarily to ordinary passenger-car construc- 
tion, but also to other types of vehicle. Has he consid- 
ered the possibility of using the same general type of 
device that is used in railroad practice, namely, a slack- 
adjuster, which takes up wear and keeps the brakes in 
proper adjustment? Provided a_ sufficiently simple 
mechanism could be devised, some such scheme might be 
desirable in the case of brakes that tend to wear rapidly. 

Mr. Crane, rightly, I think, favors the use of the en- 
gine as a brake, especially when driving in hilly country 
but, unfortunately, there are many unskilled drivers who 
do not appreciate the value of the engine as a brake, or, 
if they do, attempt to change gears and use it after they 
have started down a grade, when it may be too late. 
This suggests the desirability of providing some sort of 
gearset that will facilitate changing down without 
clashing gears. One of the new cars has such an ar- 
rangement, which, it seems to me, merits attention by 
other builders. 

Some interesting designs of air-operated brakes were 
exhibited at the recent Motorbus Show in Atlantic City; 
and some bus designers are inclined to believe that air- 
brakes will be applied to bus and perhaps also to truck 
service, and possibly in some cases even to passenger-car 
service. 

In at least one installation of air-brake, metal-to- 
metal shoes, which it is stated are mild steel to mild 
steel, are employed with considerable success. This is 
said to avoid rapid wear under severe braking condi- 
tions in which ordinary linings wear rapidly, much less 
frequent replacement being necessary. The tendency is 
to keep away from such unnecessary complication as is 
apt to be involved in an air-operated brake. This type 
of brake has some advantage with respect to ease of ap- 
plication. 
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FOUR-WHEEL BRAKES 


HAROLD NuUTT:—The real problem in brake design is 
not so much to do away with heat dissipation on long 
gradual slopes, or to stop the car as we should like best 
to stop it, as to reduce the appalling accident rate that 
we read of in the daily papers. Approximately three 
persons per day are killed in New York City alone. It 
is probable that an average car in good adjustment has 
a braking system that will allow the locking of the rear 
wheels; and that is all one can get with two-wheel brakes. 
I advocate four-wheel brakes for the reason that they 
enable a car to be stopped in about one-half the distance 
required by two-wheel brakes, and are, therefore, safe- 
guarding human life. This is something that should 
receive attention from a humanitarian standpoint. 

C. M. MANLY:—It seems to me that the most impor- 
tant point to consider in the matter of four-wheel brakes 
is that of getting hold of the energy to absorb it. Mr. 
Crane and some others have stated that the brake is there 
to absorb the energy of the car and, except for certain 
conditions when the question of providing sufficient 
braking surface for heavily weighted cars on a single 
set of wheels comes in, the important question with the 
passenger car is to get hold of this energy of the car 
so as to absorb it when the streets are slippery. That 
is largely the criterion as to whether we need four-wheel 
brakes. If somebody can show us how to keep two 
wheels rolling so that they will not slip, we shall know 
that we can absorb all the energy that the ordinary 
passenger-car has with two brakes on two wheels; but 
if we cannot get all the energy out of the car quickly 
enough without danger of slipping those two wheels, we 
need more points of contact to get hold of more of the 
energy and absorb it more quickly. 

CHAIRMAN MYERS:—That is a mighty good point to 
take home with you, no matter on which side of the 
question you stand. I shall quote from a short letter 
that A. R. Erskine, president of the Studebaker Corpora- 
tion of America, wrote. He was invited to come or send 
someone, as were the officials and engineers of a number 
of other prominent automobile companies. He says: 


I do not care to get into a discussion with an en- 
gineer on four-wheel brakes. I am not an engineer; 
I decide matters of design from the standpoint of com- 
mercial practicability rather than from an engineer- 
ing standpoint. 

The six disadvantages of four-wheel! brakes, from a 
commercial standpoint, are set forth in our advertise- 
ment, and you are at liberty to quote me accordingly. 

Those six points are 

(1) Danger of accidents, due to misadjustment 
or misuse 

(2) More adjustments by owner 

(3) Added impediments and lubrication points 

(4) Decreased car-efficiency 

(5) Harder steering and control 

(6) Greater expense of maintenance 


Mr. CRANE:—I wish to thank Captain Brewer for 
again urging the necessity for easy brake adjustment. 
The car-owner rightly resents spending as much time 
tinkering with his car as in driving it; or, to put it an- 
other way, the average owner would rather enjoy the 
car by using it than by filling inaccessible grease-cups 
or trying to adjust impossible non-adjustable brakes. 

Regarding that brake-band, I ought to add that it was 
operated on a chilled cast-iron drum, which, as you know, 
begins by being very hard and ends by being very hard. 
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It is not affected noticeably by any heat of braking, 
which of course has added immensely to the life of the 
lining. 

Regarding axle variation, in the Hotchkiss drive the 
master-leaf of the spring is usually underslung; the 
brake hanging is operated by a lever pivoted on the brake 
disc; the disc at the end of the axle is permanently at- 
tached to the axle; the brake-operating link is practically 
in line and parallel with the master-leaf of the spring. 
With such a layout, the contortions, which are taken up 
by the axle with a Hotchkiss drive on rough roads and 
under heavy braking conditions, practically have no 
effect on the hand-lever that is used. It can be held 
readily in the hand or can be locked in the quadrant. 
That is the real test of a suitable brake-linkage. If 
you can lock the lever in the quadrant and not have the 
wheels jump and bump, with the brake holding one 
minute and releasing the next, you will have the real 
answer as to whether the brake-linkage is right. The 
linkage shown in Fig. 2 is 100-per cent that way. The 
brake-lever when held in the hand over the roughest 
kind of road has no reaction against the hand, except 
the straight pull of the braking itself and of the retractor 
springs. There is no jumping of the hand-lever whatever. 

Mr. Chase raised the question of brake-slack adjusters. 
These are commonly used in railroad practice at the 
present time. Railroad-brake designers of some years 
ago did not know any more about them than some of us 
have known about our brake design, as is evidenced by 
what happened on the Hudson & Manhattan Railroad 
when the first lot of cars were put into service. They 
were equipped with brake-slack adjuster that worked in 
one direction only. They took up the slack but did not 
release again if conditions required it. These cars would 
take a heavy load of passengers from the Hudson 
Terminal to Newark and the springs would settle accord- 
ingly; on the return trip the brakes would drag. In 
other words, the linkage was designed so that when the 
springs were depressed, the brakes were released and 
the slack-adjuster would operate properly; when the 
load was removed, the brakes were pulled up against the 
wheels. 

I am afraid that a slack-adjuster of the automatic 
type, in connection with foot linkage or hand-operated 
linkage on a car, would be too trappy to use. I cannot 
see the need of it, because I know that, by proper design, 
simple readily accessible adjustment can be provided, 
and, moreover, that if the brake design is correct to be- 
gin with, the area sufficient and the parts rigid, the 
adjusting of brakes in ordinary service is very rare. 
The transmission brake referred to above has been in 
use for between 15,000 and 16,000 miles. The total ad- 
justment has consisted of 11% turns of the adjusting 
screw that may be seen in the illustration; three differ- 
ent adjustments of a half-turn each at intervals of about 
5000 miles. 

QUESTION :—With the throttle closed, what increased 
braking effect of the engine is obtained by shuting off 
the ignition? 

Mr. CRANE:—When I say throttle closed, I really mean 
it; I do not mean with the engine throttled down to 500 
or 600 r.p.m. If the throttle really is closed, sufficient 
mixture is not taken into the cylinders to fire and, there- 
fore, the ignition may be left on as well as not. That 
is the usual way in which I drive a car; there is no 
evidence that the engine is developing any power what- 
ever under those circumstances. 

QUESTION :—How can muffler back-firing be prevented 
under these conditions? 
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Mr. CRANE:—Occasionally, with certain types of car- 
bureter adjustment, back-firing will be heard in the 
muffier, but I find that, if the carbureter adjustment is 
approximately correct, back-firing never occurs in prac- 
tice. 

QUESTION :—What material should be used for band- 
brakes? 

Mr. CRANE:—That is largely a question of how good 
a brake it is desired to produce, or how large a brake 
can be used to get the desired results. The cheapest 
form of drum is the drawn-steel drum. If it is not too 
wide in relation to its diameter and the thickness of 
metal, it will be satisfactory for reasonably severe opera- 
tion; but it is Gsually of too soft material to be of the 
best service. The lining that I know the most about is 
a straight asbestos-fabric lining with woven wire. With 
band-brakes I believe it is entirely satisfactory. I be- 
lieve it is not possible to use molded lining satisfactorily 
with a band type of brake. With a shoe brake it is 
undoubtedly excellent for the purpose. 

QUESTION :—What relation has the thickness of the 
drum to its diameter? 

Mr. CRANE:—This, again, is a matter of compromising. 
With the band-brake, however, distortion of the drum 
under the braking effect is of minor consequence. A 
well-designed band-brake can operate with a very flexible 
drum; that is, I think a 2 x 12-in. drum, 3/16 in. thick, 
can be used. I would not advise it. I think 144 in. would 
be better, but even the 3/16-in. drum would operate sat- 
isfactorily. It would not, however, take up heat rapidly 
during short applications, or take up as much during 
short applications as a heavier drum. On long applica- 
tions, it would release the heat as fast as the heavier 
drum and, therefore, be equally good. 

QUESTION :—Do you recommend oiling brake-bands as 
a regular practice? 

Mr. CRANE:—On transmission brakes or brakes that 
are entirely protected from dirt, if the operating con- 
ditions permit, I think oiling is a very good thing; it 
is necessary, however, to have a powerful leverage to 
offset the lower coefficient of friction of a lubricated 
brake. 

I remember very well the late Mr. Hartford’s demon- 
strating his electric brake to us some years ago. He 
found that when he had an electric brake with practically 
infinite power he got much better results with lubricated 
bands. He used the bands on the rear wheels. 

QUESTION :—What was the probable maximum torque 
exerted by the transmission, the brake-lining of which 
you showed? 

Mr. CRANE:—The car weighed, without passengers, 
5500 lb. It was equipped with 35 x 5-in. nominal-size 
cord tires, measuring about 37 in., and had a rear-axle 
gear-ratio of 3.2 to 1. The brake-drum diameter was 
10% in. The brake could readily slip the rear wheels, 
when occasion required, on a dry concrete or an asphalt 
road. This was required often as the car was driven 
in New York City traffic and in crowded surburban dis- 
tricts. That type of service, however, is not hard on 
a properly designed brake. A quick stop from 20 or 
25 m.p.h. on a brake of sufficient area is not likely to 
cause serious wear. It is the long pull on a heavy down- 
grade or retardation from very high speed that causes 
wear, on account of both the work required and the 
attendant high temperature. 

QUESTION :—Is it not true that, in the use of an engine 
as a brake, compression does not assist retardation, 
owing to the fact that the energy absorbed in. compres- 
sion is returned on the following expansion-stroke? 
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Mr. CRANE:—That is true to a large extent. The two 
greatest forces in the engine-braking effect are the 
engine friction, and the pumping loss due to pumping 
against the suction in the manifold. That is why the 
engine shows a higher braking efficiency with the throttle 
closed than with the throttle open. 

QUESTION :—Why is the outer front-wheel always re- 
leased when making a turn with front-wheel brakes? 

Mr. CRANE:—I understand that the hydraulic brake 
applies equally on both front-wheels regardless of whether 
the car is turning a corner; and many of the mechanical 
brakes also do so. The idea of releasing the brake on 
the outer front-wheel while making a turn is, of course, 
to improve the steering conditions. 

QUESTION :—What is the peripheral speed at which the 
coefficient of friction is the maximum? 

Mr. CRANE:—There is undoubtedly a variation in the 
coefficient of friction at different speeds. I do not know 
exactly what it is. As a rule the friction of rest is 
higher than the friction of motion. 

QUESTION :—Why are metal-to-metal brakes not used 
more? 

Mr. CRANE:—I think that question is partly answered 
by the rear-wheel brake situation. It is difficult to 
get a metal-to-metal brake with a coefficient of friction 
high enough to operate with the pressure that is obtain- 
able on a rear-wheel brake. We used metal-to-metal 
transmission brakes at first, having a shoe-type brake 
with a hardened drum. The results were satisfactory 
so long as the temperatures were kept within reason. 
If the temperatures were allowed to run too high, the 
brake surface would begin to scour and very rapid 
wearing of the brake-shoe material would follow. The 
brake-shoe material we used at that time is of interest 
today, as it is practically the same material that is now 
being used for very high-duty engine-bearings. It was 
a bronze, having a very high proportion of lead in its 
composition, upward of 50 per cent. It was called plastic 
bronze. The difficulty, of course, with such compositions 
is the maintaining of any real mixture of the two. The 
lead tends to separate in molding but the metal has the 
property of operating dry on steel surfaces with prac- 
tically no tendency to pick up,-.unless the pressures are 
extremely high or the heat excessive. 

QUESTION :—What is the effect on the effectiveness of 
braking of oiling the brake-lining of rear-wheel brakes 
of average size? 

Mr. CRANE:—There are many car-owners who could 
answer this question as well as I can, unintentionally. 
The trouble is that the oiling does not seem to be the 
same on both rear wheels. There are two difficulties 
in using oil on rear-wheel brakes. One is that of dirt, 
the accumulation of dust caught in the oil. The other 
is the getting of sufficient pressure to operate at the low 
coefficient of friction available with an oiled brake. 

QUESTION :—Is it better to use engine oil or neatsfoot 
oil? 

Mr. CRANE:—We have never tried the latter. What 
we ordinarily used was gear-box oil or steam-cylinder 
oil, the 600-W type. 
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QUESTION :—What is the present status of automatic 
brake adjustment? 

Mr. CRANE:—So far as I know, it has no standing at 
all, at least in this Country. I do not know of any cases 
abroad where automatic adjustment is used on com- 
mercial passenger-cars or trucks. It should not be neces- 
sary if the brakes are properly designed. 

QUESTION :—What steel is best for the drum? 

Mr. CRANE:—There is no question that the harder the 
steel is the better, especially steel that will retain its 
hardness at high temperatures. This can be obtained in 
ordinary machine-steel by running the carbon-content a8 
high as the design will allow. If a forged drum is used, 
the carbon-content may be very high. If a drawn drum 
is used, the carbon-content probably will have to be 
lower, but the higher it is the better, within limits; prob- 
ably 60 or 70-point, or even 90-point, might be worth 
using. As a matter of fact, a chilled cast-iron drum is 
excellent. A manganese-steel drum also is excellent but 
commercially impractical because of the fact that it must 
be produced by casting and when ground and balanced 
is excessively expensive. 

QUESTION :—Why has the disc-type brake no possibili- 
ties? 

Mr. CRANE:—To answer that question I should have 
to go into a great many questions of practical design. 
What I meant to say in the paper is that the disc-type 
brake apparently has shown no possibilities. It has been 
proposed from time to time and some rather meritorious 
designs have been worked out. Its failure has been due, 
I think, to the difficulty of properly releasing a disc-type 
brake. With sufficient area of braking surface the single 
disc might be all right, but a multiple-disc brake is very 
hard to release completely in any reasonable space; and 
the space available in motor-car design is very limited. 

QUESTION :—What is the maximum retardation in feet 
per second per second for comfort in heavy passenger- 
cars, and should this. be uniform during stopping? 

Mr. CRANE:—W. S. James, of the Bureau of Standards, 
has found that the average passenger-car on a dry road, 
braking on two wheels with full efficiency, which happens 
to coincide with slipping the wheels, produces a retarda- 
tion at the rate of about 13 ft. per sec. per sec.; braking 
on all four wheels, the retardation is at the rate of about 
25 ft. per sec. per sec. My feeling is that in commercial 
service even this lower rate would be rather uncom- 
fortable to passengers; in other words, if the brakes 
were applied on a passenger-car when the passengers 
were not expecting it, they probably would be thrown 
out of their seats. 

With regard to the second part of the question, it has 
proved to be desirable in railroad service to release the 
brakes partly before coming to a dead stop. I think the 
same thing should hold true in motor-car transportation 
to produce the smoothest possible stop. 

QUESTION :—Is the four-wheel-brake idea a sales rather 
than an engineering achievement? 

Mr. CRANE:—I should say that a good four-wheel 
brake is an engineering achievement. There are some 
good ones in the United States at the present time. 
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How Engineers Can Cooperate to Make 
Flat-Rate Service a Success 





By J. Wriuarp Lorp! 


DAYTON SERVICE MEETING PAPER 





NGINEERING and maintenance should go hand 

in hand. Engineers and service-men are too little 
acquainted with one another’s problems, but it is more 
important that engineers should be familiar with the 
troubles of the service-man than vice versa. Flat-rate 
charges and time standards for maintenance work 
make comparisons more easy than those based on the 
old system of charging for labor by the hour; they 
should represent real value received and not include 
the cost of inefficiency and of excessive amounts of mate- 
rial. They furnish an incentive for producing special 
tools and equipment for making repairs come within 
the time limit and reducing their cost. The custom for 
each shop to work out its own salvation leads to need- 
less waste. A factory service paper describing the 
latest shop kinks would disseminate new ideas and lead 
to more coordinated effort; service conventions at fac- 
tories, to stress the matter of repair tools, would also 
be beneficial. Means of, and tools for, repair should be 
given consideration in designing vehicles. Accessibility 
of parts and facility in making replacements would 
reduce the time needed to make repairs. Discrimina- 
tion is necessary in determining when worn parts 
should be replaced. Much expense can be saved by 
putting such parts in serviceable condition by using 
bushings or cheap wearing parts of other than standard 
sizes and by regrinding cylinders, pistons and the like. 
A much discussed topic is the expense of repair parts. 
The more directly these can be purchased the less the 
handling charges will be. The relatively high cost of 
certain parts obtained from the factory compared with 
those obtained outside may be laid to “overhead.” The 
fact that some parts which give satisfactory service 
can be obtained more cheaply from parts manufac- 
turers should lead factory managers to investigate the 
reason; it might be found to be due to the distribution 
of the burden or to selling methods. Distributors keep 
their stocks at the minimum but probably would order 
in larger quantities if proper incentives were offered. 
The rendering of decisions by service managers on 
parts “within guarantee” is another thing that has been 
tried with success and might be more generally 
followed to advantage. 


UTOMOBILE maintenance has become the largest 
branch of one of the largest industries in the 
world, if not the largest. In its very nature, the 

maintenance industry has much of an engineering and 
technical character and is closely related to and some- 
what dependent upon design and production. Because 
of its size and nature, it deserves the study, interest and 
intense application of thought of engineers fully as much 
as do the present problems at the factory. 

Service and maintenance establishments, large or 
small, are rapidly getting away from hit-or-miss methods 
of conducting their work. They are becoming better or- 
ganized, are employing a better and more intelligent 
class of personnel to meet customers and to supervise 
the work and are conducting themselves more and more 
along modern, straightforward and honest business 
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lines. Evidences of this are a general introduction of 
flat-rate charges for repairs, and just as important, Mr. 
Bachman, of the Autocar Co., believes more so, the estab- 
lishment of shop standards for measuring the perform- 
ance of mechanics, thus permitting either piecework 
compensation or some form of bonus payment. This all 
acts to establish far more healthy internal shop con- 
ditions, building up the morale of the men and, in turn, 
being reflected in better products and better pleased 
customers. 

In other words, the maintenance industry has not 
stood still but has been working hard and with consider- 
able success to get its house in order to service and main- 
tain more effectively the cars and trucks that engineers 
and factory men are placing on the streets and to see 
that they give continuous satisfaction to customers, 
yours and mine, who purchase them. 

I say “yours and mine” because, even though dealers 
and distributors may be under contract to take the fac- 
tory product, we cannot realize keenly enough that we 
have, in the final analysis, one and the same customer, 
namely, the car or the truck owner. We are very much 
in the same boat, but, I feel, are farther away from one 
another than is best, to secure, quickly and effectively, 
the results at which we aim and for which we strive. 

Quite possibly, and in all probability, we in the main- 
tenance field do not understand and do not realize the 
many problems with which the engineers are obliged to 
grapple. On the other hand, we feel just as positively 
that the engineers really are unacquainted with our 
problems, even though they design and build the cars 
and trucks that we take care of. 


NEED OF COOPERATION 


I feel that engineers and factory men, with exceptions, 
of course, do not really know us and our problems in 
the field. We do not get close enough together. The 
engineers are only casually acquainted with us; they pass 
our front door occasionally. I admit frankly we do not 
know their problems. At the same time, for the benefit 
of the industry, it is really far more important that they 
know our problems than that we know theirs. 

Mr. Kettering wrote, not very long ago, that engineers 
should be more like business men. He was asking en- 
gineers to broaden their interests and to look at the en- 
gineering of motor vehicles from other standpoints than 
just that of design. 

Service and maintenance, more definitely the actual 
making of repairs, is a big engineering problem and one 
affected by design and production. I think it is a prob- 
lem that, when the engineering has been coordinated, 
starting with design, is bound to lead to a production of 
vehicles that will give greater satisfaction to the buying 
public than ever will be possible under the general con- 
ditions of largely disassociated engineering effort that 
exist today. 

Meetings of this kind, bringing service-men and en- 
gineers together, are a decided step in the right direc- 
tion and I hope that the interest aroused by gatherings 
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of this character will lead engineers to organize and 
arrange their work so that they can feel free to get away 
from the factories and into the field for real “get-ac- 
quainted”’ visits, so that they can actually see, first-hand, 
what their product is doing in service; what its faults 
are and just how they develop; where changes in design 
would greatly improve accessibility, facilitate repairs 
and the use of standard tools, rather than shop-made 
special affairs that are invariably expensive and some- 
times ef doubtful value. 

Maintenance price-competition is by no means some- 
thing new. However, flat-rate charges make comparisons 
more easy than ever before. Therefore, it is more im- 
portant, from the standpoint of cutting down sales re- 
sistance, that maintenance charges represent real value 
received and not include the cost of much inefficiency and 
excessive material charges. 

Shop standards and flat-rate charges are bringing to 
light and making us realize fully many valuable lessons 
and ways and means to reduce maintenance charges. 
Perhaps the most interesting lesson is the value of 
having the right tools for every job readily available and 
an incentive to use them. This results in surprising re- 
ductions in the time necessary to perform a repair opera- 
tion. Tools, however, are not everything; we must 
develop the best method and establish a reward or in- 
centive for doing the work within the time set and in 
the manner we wish it done. This is no more than we 
are doing every day in our factories on production work. 

I am certain that along with the adoption of flat-rate 
charges more money than ever before is being invested in 
repair tools. When labor is sold by the hour little in- 
centive to develop or purchase tools exists, because the 
tool cost increases the overhead and the whole advantage 
obtained immediately goes to the customer. Not so with 
the flat rate. Once the selling price has been set, every 
incentive to invest in tools and other equipment that will 
cut the cost of the job is present. The savings effected 
not only take care of the increased overhead but go to 
make a real labor-profit: 


DEVELOPMENT OF SPECIAL TOOLS 


As to the development of these tools, aside from tools 
purchased in the open market, almost every shop is work- 
ing out its own salvation according to the ideas of its 
foremen. There is almost no coordinated effort. This 
means slow accomplishment and needlessly heavy ex- 
pense. Some of these tools are most clever and simple in 
design and operation but the idea back of them is buried 
in the particular shop in which they were made. Others 
are altogether the reverse but are better than no tools 
at all. Would it not pay to establish a factory service 
paper, or include a tool and equipment section in a fac- 
tory house-organ, and offer some nominal compensation 
for designs of tools made and in successful use and a 
prize for the best design for performing any given opera- 
tion? This would dig out good tools that are hidden 
away. 

Would it not pay to consider tools for repair at the 
time of designing the vehicle, when the addition of a 
lug here or a hole there would permit the use of a simple 
repair-tool rather than a special complex affair made 
necessary because repair tools have not been considered? 

Would it not pay to hold service conventions at the 
factories from time to time and stress the matter of 
repair tools? I believe that from coordinated effort of 
this kind would come a better tool development and at a 
considerably less cost. Factories have done something 
in the way of designing and making up service tools in 
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quantities, thus cutting down the cost. I should like to 
see much more of this, though in working out the de- 
sign, what has been done in the field, where necessity 
has been the mother of invention, should be viewed. 
Again, in making up these tools, consider that they will 
not receive the hard continuous wear-and-tear of pro- 
duction tools and that many corners can be cut in re- 
ducing their cost. 

It is almost needless to state that the degree of ac- 
cessibility has much to do with the extent of labor 
charges for a given job, irrespective of good tool develop- 
ment. If a vehicle must be partly dismantled to make 
some simple repair, it will take time to perform this 
labor. Another phase of accessibility relates to the ease 
and facility with which major and minor units can be 
removed and replaced. This applies more to trucks than 
to cars. Unit exchange greatly reduces the days per 
year that a truck need be laid up for repairs. As truck 
operators learn more and more how best to use their 
equipment, they are operating their trucks a greater 
percentage of the time and are charging to-maintenance 
the rental of trucks hired temporarily while their own 
vehicles are undergoing repairs. Greater accessibility 
and ease of removing and replacing units will do much 
to help cut down flat-rate charges. 


REDUCTION OF PARTS EXPENSE 


Aside from getting maintenance expense down to 
rock-bottom through the various avenues open to reduce 
labor expense, another remains—that of parts expense. 
In the first place, considerable discrimination is required 
to decide when a part is worn sufficiently to require re- 
placement. This matter is more difficult when the re- 
placement of parts is under consideration, not because 
the parts no longer can give service, but because partial 
wear of them develops noise. One owner does not object 
to noise; another will not tolerate it. Many reductions 
in parts charges are made by putting worn parts into 
serviceable condition. Much of this class of work de- 
pends on using bushings and other comparatively cheap 
wearing parts of other than standard sizes. We regrind 
cylinders, use oversize pistons and oversize piston-pins, 
regrind crankshafts, and the like. This is standard 
practice because these parts are of considerable value. 
The same idea can be carried out in the case of much 
smaller parts, but general practice in this respect is 
essential to warrant the production of the necessary 
undersize bushings and the like. The men at the fac- 
tories can do much to make such practice standard. 


PRICE OF REPAIR PARTS 


Repair-parts price has been and is a topic for much 
discussion, even in the comic sections of the newspapers. 
Jeff, of the famous team of Mutt and Jeff, at one time 
marketed a car at a figure so low that Mutt could not see 
wherein the profit lay. Jeff replied, “There is none. 
But wait till the poor suckers have to buy parts.” This 
sort of thing does much to mold public opinion. It is 
not a laughing matter. The parts manufacturer selling 
direct to customers also is doing much to mold public 
opinion. 

A sharp line should be drawn between finished com- 
mercial parts purchased outside the factories and the 
parts produced and finished within the plants. As to 
commercial parts, these, as finished articles, in many 
cases go through more hands than seems necessary, 
though the number of exceptions is increasing. Grease- 
cups and ball bearings were among the first articles for 
dealers and individual owners to purchase locally. It 
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stands to reason that the more directly all these parts 
can be purchased, the less the handling charges will be. 
This should result in lower prices to owners. 

The argument has been advanced that it takes a fac- 
tory inspection-department to protect dealers from un- 
scrupulous parts manufacturers or from the parts manu- 
facturers from whom the factory is buying. On the 
other hand, if these persons are looking for a greater 
outlet for their products they must give service to retain 
any new business they may secure. Furthermore, I think 
the average parts manufacturer has as much pride in 
his product as has the average automobile builder. 


DIRECT SELLING OF PARTS 


Direct selling of automobile parts would help to reduce 
the factory parts-inventory. Let parts manufacturers 
selling to factories sell direct where quantity orders are 
of such size as to interest them. If factory tools are used 
in the filling of such orders, the respective factories 
should receive royalty payments accordingly. 

We are told that the factory overhead is one of the 
principal reasons for the high cost of certain parts com- 
pared with outside prices. Whatever may be the reason, 
many repair-parts that can be obtained far more cheaply 
from parts manufacturers give such service as to make 
them compare favorably with the factory product. This 
being so, do not the production of parts and the pricing 
of them deserve attention? If your production costs are 
right, what about the distribution of the burden? If 
you have a heavy investment charge, would it not pay 
to adopt the selling methods of these parts-makers and 
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offer discounts for quantity purchases and time deliv- 
eries? This would allow you to reduce your inventory 
and tend to spread it over the stocks of your distributors. 
I think it would lead to lower prices of the parts most 
consumed, which is a thing most needed. 

As it stands today, every distributor keeps his stock 
at the very minimum at which he can operate; sometimes 
below this figure. The manufacturer is obliged to keep 
up his stock for the whole Country. Both distributor and 
factory are at a decided disadvantage because of this 
condition. The distributor is at a disadvantage in carry- 
ing so little stock. His customers encounter shortage 
much too often. Ordering small quantities frequently, 
receiving small quantities frequently and keeping the 
records involved, require a great amount of clerical work. 
The cumulative effect of small orders and shipments con- 
centrates at the factory and must make parts department 
overhead much higher than it would be if parts were 
ordered in larger quantities. Clerical, stockroom and 
shipping charges are bound to be higher per unit. I be- 
lieve that dealers would order in larger quantities if the 
proper incentive were provided. 

One other thing would help flat-rate service and give 
the customer an immediate answer as to cost. Today, it 
is usually a factory prerogative to pass on parts “within 
guarantee.” However, the fact that one company has 
been able to have its service managers in several locali- 
ties render final decisions on parts within guarantee, 
resulting in an immediate answer so far as the customer 
is concerned, shows that this plan can be followed much 
more generally than is the case today. 





WARREN G. HARDING 


T is becoming increasingly clear that the men in our public 

service who have the firmest grip upon the hearts of the 
people are those who with unfailing conviction stand for the 
strong and enduring things of religion. We are constantly 
admonished by the cynic and the pessimist that our age is 
marked by the decline of religion, that moral atrophy and 
decay ‘are conspicuous in our social and political life and 
that already there are evidences of the disintegration of what 
we have been pleased to call “Christian civilization.” We lay 
no claim to moral impeccability, we are sadly conscious of 
our deficiencies, but we refuse to believe that, at heart, the 
men and women of this Nation are losing their faith in Him 
in whose hands are the issues of life. The great leaders of 
our Country today are the witnesses of a living Christ. 
Human frailties they doubtless have, mistakes in judgment 
they frequently make (and who of us does not?) but more 
and more they openly acknowledge the sovereignty of Him 
who, by teaching and example, sought to lift the world to 
new levels of service and happiness. The better understand- 
ing of men, the finer appreciation of the hindrances and 
difficulties that encompass their paths, the truer Christian 
charity that forgets their failings and rightly appraises their 
virtues, will do more to restore the peace and happiness of 
the world than all our vaunted legislation and all our social 
and political nostrums. Well may we acclaim Warren G. 
Harding as the apostle of a better understanding. We shall 
cherish his memory, not as the leader of a party, but rather 


as the exponent of the better way, the man who with loving 
heart and self-sacrificing service gave to his Country the full 
measure of devotion and like the great Master whom he 
served faithfully for many years, “counted not his life dear 
unto himself.” 

Our best expression of respect and affection will disclose 
itself, not in words of praise but in a life of complete devo- 
tion to those ideals that alone secure to us life, liberty and 
the pursuit of happiness. 

The whole world today is distracted and distressed because 
love and loyalty for the while have been displaced. No matter 
what our boast of material things may be, no matter what 
our sense of security may suggest of self-ease and self- 
satisfaction, we shall guarantee to ourselves and to the great 
world neighborhood in which we live those things that are 
most precious and satisfying to us, only as we in our place, 
be it great or small, rededicate our lives to the service of 
Him whose second great commandment was: “Thou shalt 
love thy neighbor as thyself.” 

Our heritage as citizens of this noble Republic is incom- 
parably great; well may we with chastened pride boast of the 
men and women who through devotion and sacrifice have 
brought us to this day of larger privilege. But our boasting 
and our pride will not save us from distress and disaster 
within, or invasion from without, unless we build up here in 
our United States the enduring things of Christian character. 
—James E. Freeman. 
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General Design and Urban Performance 
of Electric ‘Trucks 


By J. G. Carrouu! 
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ONSIDERATIONS that influence the design and 

location of motors suitable for use in electric 
trucks are first given attention and afterward the 
various methods by which their control is effected. 
Details of construction and the factors that determine 
the selection of the best type of drive are discussed, as 
are also the accepted kinds of cradle for supporting 
the interchangeable battery. An examination of the 
requirements of delivery systems operating over city 
routes shows that the electric truck is capable of 
meeting practically all demands of mileage, topo- 
graphical conditions and speed. Its distinctive advan- 
tages are said to include economy, simplicity, dependa- 
bility, reliability, durability, cleanliness and freedom 
from contaminating odors, freedom from high tempera- 
tures, ease of operation and maintenance, and minimum 
fire hazard. These are attributed to substantial con- 
struction and the absence of the reciprocating internal- 
combustion power-unit, which eliminate road troubles, 
reduce maintenance expense to a minimum and obviate 
the necessity of high-priced mechanics; to minimum 
vibration, freedom from adjustments and the preven- 
tion of careless and reckless speeding, which prolong 
its useful life; to reliability and uniform driving-power 
throughout the life of the motor that delivers the 
maximum power automatically to the driving wheels 
as it is required; and to operation at economical speeds 
on account of the inherent characteristics of the series 
motor that automatically decreases in speed as the load 
is increased. 


HE scope of this paper is so broad that no attempt 
will be made to enter into detailed discussion. It 
is intended to convey a general idea of what the 
electric truck is and of its place as an urban transporta- 
tion unit. An electric truck is simple in comparison with 
a gasoline-operated truck. Opinions should not be formed 
and conclusions hastily drawn, however, that the electric 
truck is merely an assemblage of frame, axles, wheels, 
motor, controller and transmission members into an 
operative unit. The detail parts require careful atten- 
tion and study in order that they may be designed to 
assure maximum efficiency with a consequent increase of 
useful work from the stored energy of the battery and a 
decrease in the cost of operation. 

The electric truck is scientifically designed to give long 
life in service, a property that is influenced consider- 
ably by the absence of complex motive power and control 
mechanism and by freedom from the numerous reciprocat- 
ing parts and extreme temperature variations that are 
inherent in gasoline trucks. Any electric truck conform- 
ing to accepted automotive standards comprises three 
major members: the chassis, the battery and the body. 
The chassis, in general, consists of the frame, the motor, 
the transmission members, the springs, the axles, the 
wheels, the steering-gear, the control equipment and all 
the other units necessary for the propulsion and control 
of the truck. 





1M.S.A.E.—Chief engineer, Walker Vehicle Co., Chicago. 
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Fic. 1—TypicaL LiGHT-DELIVERY ELEcTRIC-TRUCK CHASSIS 


This Design of Chassis Is Generally Used Only on Vehicles, the 
Load Capacity of Which Is Less Than 1 Ton 


The general layout of the chassis involves principally 
the location of the driver’s seat, the motor and the battery, 
inasmuch as they affect the load, the weight distribution, 
the overall length of the chassis and the wheelbase. Lay- 
outs of electric truck chassis may be generally classified 
under two types of design. In one type the driver’s 
entrance is located back of the front wheels and part of 
the battery generally is mounted over the front axle 
under a hood, with the remainder mounted over the 
frame, under or back of the seat, or underslung near 
the middle of the frame. This type facilitates the entry 
and the egress of the driver but necessitates a greater 
overall length, which is disadvantageous from the stand- 
point of garage space and of handling or maneuvering 
in congested traffic zones. Likewise, a longer wheelbase 
is necessary to assure proper load distribution. A chassis, 
representative of this type of design, is illustraced in 
Fig. 1, but in general is not used to a great extent on 
chassis of capacities exceeding 1 ton. 
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2—-CHASSIS USED ON ELECTRIC VEHICLES 
or 2 TONS AND OVER 
In This Type the Battery Is Underslung and the Driver’s Seat and 


the Control Mechanism Are Combined To Form a Single Unit That 
Is Readily Removable from the Chassis 
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In the other type the driver’s entrance is located for- 
ward of the front wheels. The battery either is carried 
underslung or mounted over the frame. In the under- 
slung type, for the same load capacity, the overall length 
is considerably less than in designs of the first-mentioned 
type, with the added advantages of a greater economy of 
Zarage space, easy handling and maneuvering and a 
lower center of gravity. Chassis representative of this 
type of design are shown in Fig. 2. They are generally 
used on trucks of 1-ton capacity and over. 

The inherent characteristic of the motive power for 
the propulsion of any vehicle is a decrease of speed when 
an increased effort is exerted. The series electric motor 
has this operating characteristic, since its speed varies 
as an inverse function of the torque or turning effort. 
Throughout its range of operation it likewise has a high 
value of torque per ampere drawn from the battery. 
Motors designed for the propulsion of electric vehicles 
may have either of the following typical speed-charac- 
teristics: 


(1) Flat speed-characteristic, in which the speed 
does not drop rapidly on overloads; termed 
magnetically saturated 

(2) Steep speed-characteristic, in which the speed 
drops more rapidly in overloads; termed mag- 
netically unsaturated 


There is no definite line of demarkation between the 
two types. Accepted practice designates a magnetically 
unsaturated motor as one in which the ratio of the torque 
at a 250-per cent load to the torque at full load, conven- 
tionally known as the torque ratio, is greater than 4 to 1. 
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Fic. 3—CoOMPARISON OF SPEED CHARACTERISTICS OF MAGNETICALLY 
SATURATED AND UNSATURATED MOTORS 


The Term “Magnetically Saturated” Is Applied to Motors Having 
a Flat Speed-Characteristic. in Which the Speed Does Not Drop 
Rapidly on Overloads, While Those Motors in Which the Speed Falls 
Off More Rapidly when Overloaded Aré Termed “Magnetically 
Unsaturated” and Are Said To Have a Steep Speed-Characteristic 
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Fig. 4 


TYPICAL CONNECTIONS FOR AN AUTOMOTIVE MOTOR 

In Practically All of the Motors Used To Propel Electric Vehicles 
the Field Coils Are Grouped in Pairs and Arranged for Connection 
in Series or Series Parallel 


A comparison of the two types of characteristic is illus- 
trated in Fig. 3. 

For application to an electric truck a motor having a 
steep speed-characteristic is preferable, in order that the 
battery will be protected when the truck is negotiating 
steep gradients, as it is more desirable that the avail- 
able energy should be converted into high torque than 
into high speed. 

The salient characteristics of automotive motors suit- 
able for electric-truck propulsion may be briefly enumer- 
ated as follows: 


(1) Ruggedness 
(2) Durability 
(3) Reliability 
(4) Dependability 

Practically all automotive motors have their field coils 
grouped into pairs and arranged so that they may be 
connected in series or series parallel as shown diagram- 
matically in Fig. 4. This arrangement results in two 
sets of speed-torque characteristics, the connecting of 
fields in series developing greater torques at lower speeds 
with less current drawn from the battery. For normal 
operation, the fields are grouped into series-parallel, the 
series connection being used only when developing high 
torque at low speed during the accelerating periods or 
when operating at low speed. Typical characteristics 
of an automotive motor are illustrated in Fig. 5. 

The choice of one, two or four motors is dependent on 
the type of drive to be employed. The single-motor drive 
is generally favored because of its light weight, high 
efficiency and_ simplicity. The two-motor drive 
theoretically gives a slightly better performance when 
the stops per mile are very frequent, provided resistance 
is eliminated in the lower speed combinations of the 
controller; but it is extremely doubtful whether this 
apparent advantage will offset the additional weight of 
and maintenance required by an additional motor. For 
multi-stop service, the same efficiency that results from 
the use of two motors is obtainable by the use of one 
motor in conjunction with the grouping of the battery 
into two equal sections for connection in parallel and in 
series. This latter scheme of battery control eliminates 
resistance-operating speeds and results in the same half- 
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voltage and full-voltage at the motor terminals that are 
obtainable in the case of the two-motor drive when the 
motors are connected in series and parallel combinations. 
With the two-motor drive, field control of the motors is 
generally not incorporated into the control scheme. With 
a single motor and battery control, the motor fields are 
arranged in two groups, which may be connected in series 
and in multiple to secure more efficient operating speeds. 


SELECTING AND MOUNTING OF MoToRS 


In selecting a motor for an electric truck, it has been 
determined by experience that a motor having a current- : 
rating approximately equivalent to the current required 
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ISTICS OF AN 80-VOLT AUTOMOTIVE MOTOR 


its rated speed under full load, will, generally, be adequate 
for the truck under all operating conditions, as the motor 
will have ample overload capacity to provide for hills and 
emergencies. 

An automotive motor is capable of developing ex- 
tremely high torque and of withstanding extreme over- 
loads. Illustrative of this is a brake test made on a 
particular motor under my supervision several years ago. 
The motor stalled at 75 per cent of its rated voltage. 
Under this condition the motor developed approximately 
33 times its normal rated torque with a current of ap- 
proximately 12 times the continuous rating in amperes. 
This high torque test is illustrated in Fig. 6. 

There are approximately four general methods of locat- 
ing or mounting the motor: 


(1) On the chassis, forward of and connected with 
the rear axle through transmission members 

(2) On the rear-axle housing, through a casting that 
houses the driving gears and is flexibly sus- 
pended from the chassis frame at the forward 
end of the motor 

(3) In the rear-axle housing and driving the wheels 
through a balanced spur-gear drive 

(4) Two motors mounted on the axle, each motor 

driving its wheel through a system of spur 

gears 
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TEST CURVES OF AN AUTOMOTIVE Motor THAT Was SvuB- 
JECTED TO SEVERE LOAD CONDITIONS 

In This Test the Motor Was Stalled at 75 Per Cent of Its Rated 

Voltage and under These Conditions Developed Approximately 33 

Times Its Normal Rated Torque with a Current of About 12 Times 

the Continuous Rating 
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CONTROL EQUIPMENT 


The control equipment of an electric truck comprises 
principally the controller, the starting resistance and the 
main switch. Two general methods of control are in 
use on single-motor-drive trucks. In one the battery 
cells are connected permanently in series; in the other 
the battery is commutated, that is, the cells are divided 
into two equal sections for connection in parallel and in 
series combinations. In the first method, on light trucks, 
one resistance-step is generally used before the “field 
series” speed is reached, while on heavier trucks, two 
resistance-steps generally are necessary to secure smooth 
acceleration. A typical diagram of this type of control 
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Fic. 7—DIAGRAM SHOWING THE ARRANGEMENT AND THE CONNEC- 
TIONS OF A Four-SPEED CONTROLLER FOR VEHICLE Morors 


In the First Step, the Motor Fields Are Grouped in Series with a 
Starting Resistance: in the Second, the Resistance Is Short 
Circuited; in the Third, the Starting Resistance Is Still Short- 
Circuited but Another Resistance Is Connected in Parallel with the 
Fields: and in the Fourth, the Motor Fields Are Connected in 
Parallel with All the Resistance Short-Circuited. In This Con- 
troller the First and Second Speeds Are Also Available in the 
Reverse Direction 
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Fic. 8—DIAGRAM SHOWING THE ARRANGEMENT AND THE CONNECTIONS 
OF A FivE-SPEED BATTERY COMMUTATING CONTROLLER 


Connecting the Battery Sections in Parallel Gives Half the Normal 
Operating Voltage with the Motor Fields Connected in Series with 
a Single Resistance; in the Next Step, the Resistance Is Cut-Out of 
the Circuit; in the Third Step, the Motor Fields Are Connected in 
Parallel instead of in Series; the Battery Sections Are Connected in 
Series with the Motor Fields Which Are Also Connected in Series; 
in the Final Step the Motor Fields Are Connected in Parallel in- 
stead of in Series. With This Controller All Speeds Are Available 
in Both Directions and a High Operating Efficiency in the Multi- 
Stop Service, Which Has Numerous Accelerating Periods, and 
Economical Operation at Low Speed in Congested Traffic Zones Are 
Secured 


is reproduced in Fig. 7. In the first speed-combination 
the motor fields are grouped in series with a starting 
resistance; in the second the resistance is short-circuited; 
in the third a resistance is placed in parallel with the 
fields; and in the fourth the motor fields are connected 
in parallel without resistance. 

The second method of control results in a high effi- 
ciency of operation in multi-stop service, in which the ac- 
celerating periods are numerous. It also allows economical 
operation at low speed in congested traffic zones. A 
typical diagram of this type of control is presented in 
Fig. 8. In the first speed-combination, connecting the 
battery sections in parallel provides one-half the normal 
operating voltage, with the motor fields connected in 
series with a single resistance-step; in the second the 
resistance is cut-out of the circuit; in-the third the motor 
fields are connected in parallel; in the fourth the battery 
sections are connected in series with the motor fields 
which are also in series; in the fifth the motor fields are 
connected in parallel. 

In a two-motor equipment the general scheme of control 
is similar to that of single-motor equipment, the speeds 
being obtained through combining the motors in series 
and in parallel. A typical diagram of this type of control 
is reproduced in Fig. 9. 

Controllers must be designed so that compactness, 
ruggedness, ease of operation and accessibility are se- 
cured. In a single-drum controller in which the connec- 
tions for operating the truck both forward and backward 
are made on one drum, the operating lever is usually 
placed in a slot having an offset at the “off” position to 
prevent the lever from being moved directly from the 
forward to the reverse position. 

When controllers employ two drums, a main drum for 
controlling the speed combinations and one for reversing 
the drums usually are interlocked, so that the reverse 
drum will be inoperative when the main drum is in any 
“on” position. It is necessary to return the main drum 
to the “off” position before the reverse drum can be 
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operated. The reverse drum on Walker trucks is operated 
by a pedal, against the action of a spring, which returns 
the reverse drum to the forward operating position, when 
the pressure on the pedal is released and the main drum 
is returned to the “off” position. 

Various speed-combinations of the controller are in- 
dicated by the action of a pawl and a star wheel. The 
controller may be located under the seat, with the operat- 
ing handle at the driver’s left, on the steering column, 
or between the side-rails. In the last-mentioned method 
of mounting, the controller is operated by a lever that 
extends through the cab floor, or by a lever on the steer- 
ing-column, which is connected to the controller through 
a system of linkage. 

Control resistors are usually of the cast-iron or alloy- 
grid type assembled on tie-rods, are mica insulated and 
are held between two pressed-steel end-frames. The 
main switch may be single, double or four-pole, depend- 
ing on the scheme of control connections. It usually has 
three positions, “running,” “charging” and “off.” When 
the switch handle is in the “off” position it is usually re- 
movable to prevent operation of the truck by an un- 
authorized person. 

The highest grade of rubber-insulated cable of ample 
capacity is used in the wiring, which is installed in 
metallic conduits whenever it is practicable to do so. 
Fig. 10 shows how the entangling of the wiring on a 
truck chassis may be avoided by installing the wiring in 
conduits. ; 

BATTERIES 


A storage-battery to fulfill the requirements of truck 

operation must possess the following characteristics: 

(1) Ability to propel the truck up severe gradients 

(2) Reasonable efficiency 

(3) Rugged and substantial construction, capable of 

withstanding service shocks 
(4) Long and useful life 
(5) Ample capacity for the purpose intended 


FORWARD 


REVERSE 





Fig. 9—DIAGRAM OF THE ARRANGEMENT AND THE CONNECTIONS OF A 


Two-MoToR CONTROLLER 


This Controller Provides Five Forward and Two Reverse Speeds, 

All of Which Are Obtained by Connecting the Motors in Series and 

in Parallel in Much the Same Way as the Fields of a Single Motor 
Are Connected in the Diagrams Reproduced in Figs. 7 and 8 
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Improvements in recent years enable batteries to ful- 
fill these requirements. 

The recommendation of the Society’ regarding the 
number of battery cells for electric trucks is as follows: 


For electric passenger cars and trucks, the number 
of cells in lead-acid storage-batteries shall be 42 and 
the number of cells in nickel-iron storage-batteries 
shall be 60. 


FINAL-DRIVE 


Electric trucks are generally driven from the rear 
wheels. The problem of the final-drive involves essen- 
tially the transmission of power from the revolving shaft 
of one or more motors to the driving wheels, which are 
flexibly connected to the frame through the axle and the 
springs, and the simultaneous reduction of the relatively 
high rotative speed of the motor shaft or shafts to the 
relatively low speed of the driving wheels. Transmission 
or driving systems embody various combinations of chain, 
bevel-gear, spur-gear and worm drive. Most trucks in 
the past have been equipped with chain drive; in recent 
practice, however, the chain drive is not extensively used. 





Fic. 10—-PLAN VIEW OF THE CHASSIS OF A 5-TON ELECTRIC TRUCK 
The Use of Rubber-Insulated Cable and Metallic Conduit Gives a 
Neat Installation and Avoids Tangled Wiring 


The bevel-gear drive, although not now applied to 
electric trucks of greater capacity than 1 ton, is satis- 
factory for light delivery trucks in which the torsional 
stresses in the rear axle are such that it is possible to 
design bevel gears that will give the required speed- 
reduction without the axle becoming unwieldy or handi- 
capping the motor by its size or electrical characteristics. 
In light trucks the lower motor-speed required with a 
bevel-gear axle does not necessitate a greater gear-ratio 
than is readily obtainable. The bevel-gear axle is gen- 
erally of a fixed-hub or semi-floating type. Bevel-drive 
gears usually are of the helical type. Worm-drive axles 
are used on some makes of light and of heavy electric 
trucks. 

Several types of double-reduction drive in use are 
combinations of bevel and spur gears. In one type the 
bevel-gear set forms the first reduction, and the spur gear 
the second. In another design the second reduction is 
by spur pinions that mesh directly with internal gears 
in the wheels, the bevel gears and the differential form- 
ing a drive unit that is bolted to the motor and suspended 
in the frame, the drive being taken from each side of 
the differential by two universal-shafts to the wheel-drive 
pinions. In another type the order is reversed, the 
spur-gear set forming the first reduction and the bevel- 
gear set the second. 

A number of special spur-gear drive systems are in 
use. In the Walker balance-drive type, illustrated in 
Figs. 11 and 12, the motor differential and the power 
drive members are embodied in the rear axle and the 


2See S. A. E. HANDBOOK, p. B102. 
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Fic. 11—PHANTOM VIEW OF A SPuR-GEAR ELECTRIC-VEHICLE DRIVE 


In This Drive the Motor Differential and the Power Drive Members 
Are Embodied in the Rear Axle and the Wheel Assembly and a 
Hollow Torpedo-Shaped Housing Encloses the Motor and Secures 
the Stub Axles or Yokes That Carry the Wheels and the Gearing 


wheel assembly. A hollow torpedo-shaped housing en- 
closes the motor and the differential, and secures the 
stub axles, or yokes, which carry the wheels and the 
gearing. The ends of this housing are bored to receive 
the stub-axle bodies and are slotted on the underside 
to provide a means for “pinching” the stub-axle body. 
On the upper side of the bore of each end of the housing 
a keyway is cut to prevent the yoke body from turning 
because of torque reactions. The housing forms the 
magnet frame of the motor, the inner surface being 
machined cylindrically for the pole-pieces and the field- 
coils. The motor armature is built on a spider having 
a large bore into which a forged hollow-steel shaft of 
large diameter is pressed. On one end of the armature 
shaft is a flange to which the differential is bolted. Two 
drive-shafts extend from the differential side-gears into 
the center of each rear wheel, the longer one extending 
through the hollow armature-shaft. 

The stub-axle or yoke bodies are made of forged heat- 
treated-steel. Yoke arms support the idler-gear bearings, 
maintaining the proper gear-center distances of the idler 
gears in relation to the pinion and the internal gear. 

The hollow rear-wheels encasing the driving gears are 
dirtproof and waterproof and contain lubricant, which is 
distributed continuously and automatically over all the 
working parts by rotation of the wheels. They are 





Fig. 12—VIEW OF THE MoTOR ASSEMBLY OF THE DRIVE ILLUSTRATED 
IN Fig. 11 


The Axle Housing Forms the Frame of the Motor and the Motor 

Armature Is Built on a Spider and Has a Flange at One End to 

Which the Differential Is Bolted. Shafts Extend from the Differ- 

ential to the Center of Each Rear Wheel, the Longer One Extending 
through the Hollow Armature Shaft 
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mounted on roller or ball bearings, supported by the 
stub-axles. 

Each drive-shaft pinion engages two idler gears, which 
in turn mesh with the internal gear that is secured to 
the permanent wheel-band. Briefly stated, beginning with 
‘the motor, the power is transmitted through the direct- 
connected differential and the two drive-shafts that ex- 
tend from the differential side-gears to the centers of 
the rear wheels. Drive-shaft pinions transmit the power 
through the idler gears to the internal gears, which are 
secured to the permanent wheel-band. The drive-shafts 
and pinions have no bearings except the teeth of the 
idler gears, between which the pinions float under the 
influence of diametrically balanced forces. 

This drive has several distinctive features: 


(1) Simplicity. The powerplant is self-contained and 
has few and simple parts 

(2) Low maintenance. All moving parts are in per- 
manent alignment and are fully enclosed yet 
accessible 

(3) Balanced drive 

(4) Low stresses in the drive shafts and the gearing 

(5) Sustained uniformly high efficiency. Tests made 
by the Armour Institute of Technology show 
that uniformly high efficiency is obtained at 
practically all speeds and loads. Tests indicate 
a uniform efficiency of from 97 to 99 per cent 

(6) Self-lubrication. 
lubricant 


All gears operate constantly in 


DESIGN FUNDAMENTALS 


Approximately five general methods are used to pro- 
vide for the torsion and propulsion stresses in shaft- 
driven axles, which in electric-truck design follow the 
same practice prevailing in gasoline-truck design. In 
general, the torsion and propulsion stresses are taken 
through the springs, a system conventionally known as 
the Hotchkiss drive. 

The brake design conforms to accepted gasoline-truck 
practice. On trucks having a propeller-shaft, one brake 
may be mounted either at the front end of the motor 
or at the front end of the propeller-shaft, with an addi- 
tional set on the rear wheels, or both sets may be 
mounted on the rear wheels. Rear-wheel brakes are 
generally used on electric trucks. The front axles and 
the steering mechanisms of electric trucks also conform 
to the accepted practice of gasoline-truck design. 

Consideration should be given to the design of the 
frame as it practically constitutes the foundation of the 
truck, the pressed-steel and the rolled or structural 
channel types being principally used, the same as in 
prevailing gasoline-truck design. 

When the battery is underslung amidships, the com- 
partment is carried by steel members from the main 
frame and is supported by truss members that extend 
from the lower extremities of the battery compartment 
to the side-rails. This produces a very substantial frame 
construction, which results in stiffness in a longitudinal 
direction and minimizes the accelerating and braking 
strains, shocks of collision with loading platforms and 
the like. 

When the interchangeable battery system is not used, 
the battery cradle is usually composed of steel members 
riveted securely to the battery compartment structure. 

In the interchangeable battery system the accepted 
types of cradle are 


(1) The Stone 
(2) The wheel-type 
(3) The skid-type 


Structurally, these cradles may be similar in design, the 
cradle proper being fabricated from angles, with steel 
strips or angles that form part of the battery-tray sup- 
ports. The four sides of the cradle may be formed by 
angles firmly riveted together. Two angles extending 
across the cradle longitudinally form the support for 
the inner ends of the battery trays. 

In the Stone interchangeable battery cradle, dowel- 
pins are riveted into each of the cradle transverse angles. 
These dowel-pins engage holes in the lower transverse 
members of the battery compartment, securing the static 
position of the cradle and permitting the quick inter- 
change of cradles by lifting the cradle with an elevating 
platform hand-truck. In the wheel-type cradle, wheels 
are mounted on the cradle transverse angle-members, 
the lower transverse members of the battery compart- 
ment forming the runway or track. In the skid-type 
cradle, a treated maple skid is fastened under each of the 
cradle transverse angles, the lower transverse angle- 
members of the battery compartment forming the run- 
way for the skids. 

Battery trays must be effectively retained to prevent 
the shifting of the trays when the truck is in service. 
The design of retainer varies with the method used. 

In designing a battery compartment the accessibility 
of the battery for inspection and watering should be 
carefully considered. The construction of the compart- 
ment illustrated in Fig. 2 renders the battery particularly 
accessible as battery-box covers and doors can be easily 
removed. 

The arrangement of a structural seat-box housing 
the controller, the main switch, the ampere-hour meter, 
the light-circuit switches and the charging receptacle, 
as illustrated on the chassis in Fig. 2, is distinctly ad- 
vantageous since it renders the chassis a self-contained 
operating unit ready for the body and the cab. The 
chassis frame is supported on the axles by steel leaf- 
springs, which are practically all of the semi-elliptic 
type. 

Three types of wheel are used on electric trucks at 
present: wood wheels of the artillery type, pressed-steel 
and cast-steel wheels. The operating speeds are such 
that solid tires are particularly adaptable to electric 
trucks and result in the lowest tire maintenance. Some 
manufacturers fabricate solid tires from special com- 
pounds particularly for electric-truck service. These 
“electric-compound” tires are resilient and show high 
operating efficiency and long life. 


CHOOSING BETWEEN GASOLINE AND ELECTRIC TRUCKS 


A choice between gasoline and electric trucks depends 
on the following fundamental conditions: 
(1) Length of the route 
(2) Character of the roads 
(3) Speed requirements 
(4) Number of stops 
(5) Traffic 
The electric truck is capable of operating from 40 to 
50 miles on a single charge of the battery, which is 
sufficient for practically any city route. One large de- 
partment store reports an average of 30 miles per day 
for its entire fleet of 276 electric trucks. The American 
Railway Express Co. states that the average daily travel 
of its electric trucks is approximately 20 miles. In ice- 
cream delivery service on city routes the average distance 
negotiated daily is from 20 to 30 miles for 3% and 5- 
ton trucks. Bakeries, laundries, dairies and many other 
large users of electric trucks report similar mileages over 
city routes. A study of the maps of 68 large cities in 
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the United States, representing a corporate population 
of 27,000,000 people, indicates that a daily operating 
range of 40 miles will cover approximately 85 per cent 
of all the deliveries on city routes. The foregoing data 
show clearly that the operating range of electric trucks 
is ample to meet the requirements of most city-delivery 
routes. Some of the outlying suburbs of New York 
City, Chicago, Philadelphia and Boston may appear to 
be outside this range, but with a proper layout and 
organization of the delivery system electric trucks could 
be used economically in such service. Topographical con- 
ditions are, generally, not a barrier, as is evidenced by 
the successful and economical operation of electric trucks 
in such hilly cities as Pittsburgh, Kansas City and San 
Francisco, where the service is particularly severe on 
gasoline trucks and horses. 

The operating speeds of electric trucks range from 
10 m.p.h. for a 5-ton truck to 18 m.p.h. for a %-ton 
truck. Although it is true that the maximum speed of 
an electric truck is lower than that of a gasoline truck 
of similar capacity, it has been proved in service that 
the speeds of electric trucks are adequate for city routes. 
That excessive speed greatly increases the cost of main- 
tenance and operation, particularly in multi-stop service, 
should not be forgotten. On a straight-away run, the 
gasoline truck would have an advantage over the electric 
truck from the standpoint of time-saving. In multi- 
stop service, however, the disparity disappears entirely 
and the electric truck has an advantage because of its 
ability to accelerate more rapidly than a gasoline truck. 
In operating over a 30-mile average city-delivery route 
with 100 stops, the difference between the average speed 
of electric trucks and that of gasoline trucks was ap- 
proximately % m.p.h. In congested traffic zones the 
superior accelerating characteristics of the electric truck 
give it an additional advantage. 

A distinctive advantage of the electric truck is that 
when the truck stops all the moving parts stop. The 
truck starts instantly upon the application of power and 
accelerates rapidly. On the other hand, it is very un- 
usual for a driver of a gasoline truck to shut off the 
engine at every traffic or delivery stop. In multi-stop 
service and in congested traffic-zone operation, this ad- 
vantage of the electric truck is of considerable im- 
portance. On an average 30-mile city route and during 
8 hr. of elapsed time, trucks are in motion only 2% to 
31% hr. As the engine of a gasoline truck will operate 
practically continuously throughout the entire 8 hr., 
this means a waste of power and a reduction in the life 
of the mechanical parts, with consequent high operating 
cost and decreased useful life. 

Electric trucks are claimed by their advocates to be 
more economical and satisfactory than gasoline trucks or 
horses for approximately 85 per cent of all city routes. 
They possess the following distinct advantages: 

(1) Economy 

(2) Simplicity 

(3) Dependability 

(4) Reliability 

(5) Durability 

(6) Cleanliness and freedom from contaminating odors 

(7) Freedom from high temperatures 


(8) Ease of operation and maintenance 
(9) Minimum fire-hazard 


The salient characteristics contributing to these ad- 
vantages may be briefly summed up as follows: 


(1) Substantial construction and the absence of the 
reciprocating internal- combustion power - unit 
practically eliminate road troubles, reduce main- 
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tenance expense to a minimum and obviate the 
necessity of high-priced mechanics 

(2) Minimum vibration, freedom from adjustments 
and the prevention of careless. and reckless 
speeding prolong the useful life of the electric 
truck to more than double that of the gasoline 
truck 

(3) Reliability and uniform driving-power throughout 
the entire life of the electric motor, which de- 
livers its maximum power to the driving wheels 
automatically as’it is required 

(4) Operation at safe economical speeds due to the 
inherent characteristics of the series motor, the 


speed of which decreases automatically with an 
increase of load 


Analyses of the performance and the cost of gasoline 
and of electric trucks under conditions of competitive op- 
eration over long periods show conclusively the striking 
economy of the electric truck from the standpoints of 
power consumption, tires, oil and grease, maintenance, 
garage expense and life of equipment. . 

That electric trucks are dependable and reliable has 
been proved conclusively in service, particularly in New 
York City and Boston during the severe snowstorms of 
last winter and of the winter of 1919-1920. In one fleet 
of over 300 electric trucks operating in New York City 
during a very severe snowstorm only 13 cases of trouble 
were reported. Of these only seven were important. 
Only three had exhausted batteries, but even these 
trucks had practically completed their day’s work. Elec- 
tric trucks were operating when other transportation 
was tied up. Their ability has been demonstrated also 
by the record of 722 electric trucks in the service of a 
transportation company in Atlanta, Buffalo, Chicago, 
Cleveland, Detroit and the City of Washington. These 
trucks during the year 1922 were in service a total of 
226,716 days, or more than 314 truck-days per year, for 
a total of 4,987,752 miles. During this period the trouble 
calls were fewer than two per truck per year. The calls 
incident to exhausted batteries averaged only one per 
truck in 2 years of service. The ability of electric trucks 
to give continuous service day after day and year after 
year is a factor of great importance to anyone who is 
concerned with delivery schedules. 

The cleanliness and the sanitary quality of electric 
trucks, together with the absences of high temperatures, 
are self-evident to anyone who has examined an electric 
truck or visited an electric-truck garage, while freedom 
from objectionable odors and smoke is a particularly 
desirable feature in the delivery of foodstuffs. 

The electric truck has firmly established itself as one 
of the greatest economic necessities of urban industry 
and is replacing horses and gasoline trucks where they 
have been misapplied to trucking systems on city routes. 


THE DISCUSSION 


J. G. CARROLL:—So far as the relative unsprung weight 
in gasoline and electric trucks is concerned, we must 
consider the difference between the two types of truck 
and their driving mechanisms. First of all, in an electric 
truck we have a constant uniform driving-torque as 
compared with the non-uniform driving-torque of the 
gas engine of the other type truck. Secondly, the speeds 
of electric trucks are relatively slower than those of 
gasoline trucks of equivalent capacity. Theory as well 
as practice indicates, so far as life and maintenance are 
concerned, that the electric truck, notwithstanding its 
relatively greater unsprung-weight, has a longer useful 
life than the gasoline truck. 
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Practically all electric-truck builders use high-grade 
alloy steels in the axle. For example, in the axle iiius- 
trated in Fig. 11, the housing, which also forms the 
magnet frame for the motor, is of electric-furnace s¢ 2el. 
The motor conforms to other traction motor design, and 
the highest grade of materials, copper, insulation and 
iron, is used in its construction. The drive-shafts are 
chrome-nickel steel. 

The comparison of gasoline and of electric truck operat- 
ing costs I cannot give, as I have no definite figures. 
I can say this, however: In the same service, performing 
the same work, the electric truck operates more cheaply 
than the gasoline truck when the operation is within the 
zone of electric-truck operation. There are today three 
fields of highway transportation, covered respectively by 
the horse, the electric truck and the gasoline truck. None 
of these can cover the whole field. Judging from the 
studies that have been made, it seems that 85 per cent 
of city-delivery routes are really economic routes for 
electric-truck operation. 

GEORGE E. MARTIN:—There is a dividing or border 
line near which the two types of truck are equal. 

Mr. CARROLL:—That depends entirely on the system of 
costs that is kept when operating the two types of truck, 
and much depends on the city in which they are operat- 
ing. I do not believe that anyone can work out a line 
of demarcation between the electric-truck zone and the 
gasoline-truck zone; or that anyone would attempt to 
define the radii of electric-truck and of gasoline-truck 
operation so far as cities are concerned. I am speaking 
principally of city routes. 

The electric-truck industry does not intend to convey 
the impression that the electric truck can be operated 
on any and all routes; that is the reason I brought out 
the fact that its application is dependent on the length 
of the route, the character of the roads, the speed re- 
quirements, the number of stops and the traffic condi- 
tions. Each problem must be studied individually to 
determine the applicability of the electric truck, the 
gasoline truck or even the horse-drawn vehicle. 

Mr. MARTIN:—Do not some of the larger companies, 
like the American Railway Express Co. and Marshall Field 
& Co., operate both kinds of truck and switch from one 
service to the other? 

Mr. CARROLL:—No; generally not. The two types 
are used for distinct services. Marshall Field & Co. 
use gasoline trucks principally for distributing to 
the distribution centers and in some cases electric trucks 
in this service, depending entirely on the layout of the 
delivery system. The weights of the electric truck are 
dependent on the service requirements to a considerable 
extent; that is, the size of battery required. The figures 
given in Table 1, which are based on the specifications 
printed in one of the trade journals,’ give the comparative 
chassis weights of a number of representative gasoline 
and electric trucks. 

Mr. MARTIN :—Please give us an idea of the units in 
an electric truck that give the most trouble in design or 
construction or in securing the right materials. What 
are the things that seem to bother most in electric trucks 
in general? 

Mr. CARROLL:—So far as design goes, the principal 
difficulty is the selection of a proper motor for the truck. 
When you apply a certain engine to a gasoline truck, you 
cannot change its characteristics, except within certain 
limits, whereas with an electric motor the torque ratio 
may be varied from 3 to 1 up to 5 tol. The efficiency 


————_ 


$’See Automotive Industries, Feb. 22, 1923, p. 404. 


TABLE 1—COMPARATIVE CHASSIS WEIGHTS IN POUNDS OF 
A NUMBER OF REPRESENTATIVE GASOLINE AND ELECTRIC 


TRUCKS 
1-Ton 2-Ton 3%-Ton 5-Ton 

Gasoline Trucks 

Diamond T et Ss 7,250 8,790 

G.M.C. 3,250 5,300 7,945 8,645 

Garford 3,500 pis Phd 9,350 

Mack oid 5,400 7,970 8,550 

Pierce-Arrow 6,000 8,300 9,300 

White 4,815 7,300 7,950 
Electric Trucks 

Commercial Truck, 

without battery 2,400 4,000 5,000 6,500 

Commercial Truck, 

with battery 3,900 6,000 7,600 9,700 

Walker Truck, 

without battery 2,800 3,800 5,600 6,400 

Walker Truck, 

with battery 4,200 5,800 8,200 9,600 


may be varied from 80 to 92 per cent. There are eco- 
nomic limits regarding which the designer will have to 
form his own conclusions as to how far he wishes to go 
with torque and efficiency in the motor design. This is 
the principal difficulty in designing an electric truck. 
Once the motor characteristics have been decided upon 
and the motor has been built, a desired change neces- 
sitates revising the whole design and changing the motor 
characteristics; not an economical thing to do. 

In selecting a motor for an electric truck it behooves 
the designer to have clearly fixed in mind the charac- 
teristics desired. Efficiency can be varied within reason- 
able limits from low to high and the torque ratio from 
low to high. Varying them affects the motor design very 
materially. The gear-ratio, or speed reduction, as on 
gasoline trucks, is practically fixed by the materials at 
hand. 

Experience has taught us that, if we apply a motor 
having a continuous rating, such that when the truck 
is operated at full load and at its rated speed on smooth 
level pavements, the current drawn is equivalent to the 
rating of the motor, there will seldom if ever be trouble 
with that motor so far as burn-outs are concerned. 

O. W. YouNG:—lIs the ratio of the battery weight to 
the total vehicle weight constant throughout the different 
sizes and about what are the ratios? 

Mr. CARROLL:—The ratio of the battery weight to the 
total vehicle weight would not be constant; it would be 
a varying curve depending entirely on the type of battery 
used and the capacity of the battery required for the 
service. Ordinarily in a 5-ton truck the battery will 
weigh somewhere between 3000 and 4000 lb.; in some 
cases it may be even less. 

CHAIRMAN TALIFERRO MILTON :—On the average is a 
full battery-charge or less than a full battery-charge 
used ? 

Mr. CARROLL:—In most cases it is less than a full 
battery-charge; the battery is designed to take care of 
emergencies. In some emergency cases the battery is 
completely exhausted. In a certain installation I have 
in mind, 75 per cent of the battery capacity is seldom 
used at any time and the excess is available to give an 
additional mileage-range in case it is desired. This is 
really an asset in certain types of battery, because it 
results in a longer life and lower maintenance. In the 
alkaline battery, a complete discharge every day will 
enable the battery to give better service, a higher average 





(Concluded on p. 35) 
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Importance of Better Automobile Head- 
Lamps and Proper Adjustment 
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is that presented at the Metropolitan Section Meet- 

ing held on Sept. 20, 1923. An abstract of the 
paper, as then delivered, precedes the text of the re- 
marks made at the meeting. 

Subsequent to the presentation of the original paper 
at the 1923 Semi-Annual Meeting, at Spring Lake, N. J., 
which was published in the July, 1923, issue of THE 
JOURNAL on p. 25, the subject matter indicated in the 
last paragraph of the following abstract was added 
and the paper was revised, the latter being, however, 
mainly a rearrangement of the material and the illustra- 
tions. The portions added are readily discernible by 
referring to the account of this meeting that was pub- 
lished under the title Head-Lighting Without Glare, on 
p. 350 of the October, 1923, issue of THE JOURNAL. 


4s discussion of this paper as printed herewith 


ABSTRACT 


_ accurate construction and easy adjustability of 

automobile head-lamps, though they have received 
much attention, are still susceptible of further improve- 
ment. If motorists realized that the road would be 
illuminated better, objectionable glare could be avoided 
and a better and safer head-lamp would be secured 
by properly adjusting the head-lamps now in service, 
an immediate and far-reaching improvement would be 
effected. 

Views are given of tests made with the common type 
of head-lamp with a parabolic reflector to show the 
effects produced by placing the source of light at the 
focal point, by moving it forward, backward, above and 
below this point, and also by cylindrical flutes in the 
glass and by horizontal prisms. The head-lamp is 
shown to be very sensitive inasmuch as the distances 
from the filament to the reflector are very short when 
compared with those to which the light is projected. 
A type of lens is described that will compensate for the 
commercial variations in the position of the filament 
and at the same time distribute the light effectively, 
converging or diverging the rays laterally while main- 
taining the top or cut-off substantially at the level of 
the head-lamp. As the maximum intensity should be 
placed as near to the top as possible to illuminate the 
road-bed most effectively, and as the eye accommodates 
itself slowly to changes of intensity, the lens takes ad- 
vantage of these characteristics by spreading and bend- 
ing the light in each zone by different amounts. 

The requirements are given for the uniform and sat- 
isfactory service of lamps and of such parts as fila- 
ments, sockets, reflectors, lenses, doors, and mountings, 
the underlying idea being the use of devices that will 
obviate the necessity for focusing and leave to the 
motorist only the simpler adjustment of aiming. 

Other features include a discussion of the advan- 
tages of using horizontal prisms, of the possibilities 
of simplifying necessary head-lamp adjustments, and 
a detailed statement of the procedure of head-lamp 
adjustment. 


i @ngineering department, National Lamp Works, General Electric 
Co., Cleveland. 
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THE DISCUSSION 


A. W. DEVINE:—I am much interested in Mr. Falge’s 
point regarding the fixed-focus lamp. The efforts of 
some of the prominent lamp manufacturers to produce 
precision bulbs of greater accuracy leads me to ask when 
the manufacturers of reflectors can be depended upon 
to increase the accuracy of their product so that the 
bulb and the reflector can be used together with no focus- 
ing adjustment. If we could get accurate bulbs and 
accurate reflectors, we could use lenses without focusing 
adjustments of any kind in the lamps, and simply tilt 
the lamps down until the top of the beam was a sufficient 
distance below the lamp center, as Mr. Falge has illus- 
trated, to allow for the loading of the car. Our experi- 
ence in Massachusetts has been that the loading allow- 
ance is extremely important. Automobile traffic has in- 
creaSed to such an extent that it is almost impossible 
to go anywhere on any road and not find motorists com- 
ing from the opposite direction. If it were not for these 
conditions, the spotlight would prove a valuable accessory 
for night driving at relatively high speed, but if Mr. 
Falge drove in Massachusetts I think he would not get 
much chance to use it. 

Ten of the Eastern States have formed a Conference 
that has for one object the unification of the laws of 
bordering States that conflict to such an extent that they 
cause inconvenience to operators going from one State 
into another. The laws particularly considered are the 
laws relating to head-lamps and the lighting of vehicles. 
These 10 States have now adopted a uniform. list of 
head-lighting devices so that it is possible for an op- 
erator whose car is equipped with one of them to go 
from one State into any neighboring State in the East 
without violating the lighting laws, provided, of course, 
that the lamps are adjusted properly. 

To get motorists to adjust their head-lamps is difficult. 
In Massachusetts we have started, probably, a more 
severe enforcement of the lighting laws than any other 
State has ever attempted. A campaign that began Sept. 
1, 1923, is on at the present time. Inspectors are out 
on the road reporting violations of the lighting laws. 
There are 12 of these inspectors and, in the first two 
weeks of September, between 4000 and 5000 complaints 
were turned in. That indicates the necessity for adjust- 
ing lamps properly. We thought we had accomplished 
something last year. In the first year after our law went 
into effect, we reduced the night accidents, due to light- 
ing conditions, by 50 per cent; but this year, on account 
of the large number of applications for licenses,’ the 
investigators from our department have been pretty well 
tied-up. Examinations have been running at the rate 
of 20,000 or more per month, so that the enforcement of 
the lighting law has suffered and the result is astonish 
ing. In the months of July and August, 1923, night 
fatalities increased 100 per cent over those for the same 
months of 1922. As soon as these figures were available 
we started the compaign that is at present under way. 
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The point I should like to bring out from these figures 
is that in one year we made an appreciable improvement 
in lighting conditions; but, because of conditions in the 
department, we were unable to continue the enforce- 
ment for a period of 8 months this year, and in that time 
the good conditions that we had obtained went all to 
pieces. Everything went back to the old conditions that 
existed 2 years ago and we had to start again with our 
campaign. We hope very much that this fixed-focus 
idea will be expanded so that it will take the complicated, 
so the motorist thinks, adjustment away from him, and 
all he will have to do is to tilt the lamp down. 

H. K. MAPLES:—By establishing head-lamp testing- 
stations throughout the State, we are trying to eliminate 
many of the glaring head-lamps on the road. One of 
the obstacles that we have had to meet is the lack of 
uniformity in both the lamp and the reflector. We have 
found, in many cases, that motorists have gone to testing- 
stations and had their lamps tested and adjusted, and 
because possibly of poor manufacture of the reflector, 
the lamps or the socket, the lamps have stayed in ad- 
justment but a very short time. 

In some cities we have gone so far as to get the co- 
operation of the local police and, in some cases, of the 
State police. We have issued a sort of certificate to the 
motorist to show that he has complied with the law. 
Strange to say, shortly after this certificate was issued 
to a motorist, he was stopped again and checked-up; and 
his head-lamps were found to be far out of adjustment. 
He cannot be blamed and neither can the testing-station ; 
both are sincere in their efforts to comply with the law. 
But we feel that we can blame the manufacturer. I 
think that, as a whole, motorists throughout New York 
State, having seen for themselves some examples of what 
real focusing and tilting will do in the way of better 
lighting, have come to feel that they have been abused. 
Many motorists would like to know when legislatures 
really will stop making these laws. We have given them 
certain lenses that are approved by the State, but the 
State has not set down any standard in the way of a re- 
flector and a socket. I had an unfortunate experience 
myself in buying new sockets and new lamps for my own 
car and had a hard time focusing them. Speaking for 
the motorist, I think that one of the big tasks that en- 
gineers could accomplish is to standardize the sockets 
and the reflectors. 

R. E. CARLSON :—The specifications worked out by the 
Illuminating Engineering Society and approved by the 
Society of Automotive Engineers for regulatory pur- 
poses provide a means of determining whether a par- 
ticular lens is satisfactory. Based on these specifications, 
the Conference of Motor Vehicle Administrators, repre- 
senting 10 States, has prepared a uniform approved list 
of devices that are legal in these 10 States. None of the 
27 devices on the approved list will be satisfactory, how- 
ever, unless it has been adjusted properly. The lens 
described in the paper is therefore of particular interest, 
inasmuch as it minimizes the work required to secure the 
proper adjustment of head-lamps. 

The Bureau of Standards has assisted in the prepara- 
tion. of the Illuminating Engineering Society specifica- 
tions and is also interested in the subject of the proper 
adjustment of head-lamp devices. In a test of some 400 
cars in the District of Columbia, it was found that only 
5% per cent had lamps properly adjusted, although 73 
per cent of the lenses were of approved types. 

We believe that the solution of the problem of the 
better ‘adjustment of head-lamp devices requires the 
wholehearted cooperation of all parties interested. We 


January, 1924 No. 1 


have endeavored to make sure that the head-lamps on all 
new cars delivered by dealers have their lights properly 
adjusted and, to accomplish this, we have worked through 
the local Automotive Trade Association as well as with 
the individual dealer. Letters from some 50 automobile 
companies indicated a rather wide difference in practice, 
some car-builders exercising supervision over the head- 
lamp adjustment through their dealers, while others 
apparently gave little attention to this phase of the work. 
We believe that the automobile builder’s responsibility 
for good head-lamp adjustment does not cease until the 
car has been turned over to the buyer and each buyer 
understands the importance of this subject. 

Head-lamps may be adjusted properly at the factory 
but, during shipment or delivery to distributors, be 
thrown out of adjustment. If the distributor does not 
check-up further after he receives the car, one more car 
may be placed in the hands of the public with lamps 
improperly adjusted. In the City of Washington, most of 
the dealers have agreed to include head-lamp adjustment 
in the servicing of used cars and have erected adjusting 
screens that are used for them as well as for new cars. 

Strangely enough, the company whose car is com- 
plained of most frequently for having blinding lights 
has created the best machinery for securing head-lamp 
adjustment. The difficulty is that the individual car- 
owner does not take advantage of the facilities offered 
through the various agencies of this company. If the 
factories could absolutely guarantee that the 2,000,000 or 
3,000,000 new cars turned over to the public annually 
will have properly adjusted head-lamps, this would be 
a step forward in the solution of the problem; and I 
believe that this is a phase of the work in which the 
Society can take an active part. 

In an attempt to reach the individual car-owner, the 
Bureau of Standards has cooperated with the National 
Motorists Association and the American Automobile 
Association. Instructions and charts for the adjust- 
ment of head-lamps were prepared and some 18 or 20 
garages through whom these associations operate in 
the District of Columbia were fitted-up with facilities 
for head-lamp adjustment. The membership of both 
associations was notified and cards were furnished by 
which individuals could have their head-lamps adjusted 
without charge. This service was also available to non- 
members at a nominal charge. In addition, these na- 
tional associations have communicated with their mem- 
ber clubs throughout the Country and have furnished 
instructions and charts. Through these two associations 
in the District of Columbia, we have reached probably 
8000 or 10,000 car-owners and, in addition, have equipped 
20 garages to test head-lamp adjustment. The Bureau 
of Standards maintains a testing screen, where daylight 
tests can be made, and has been adjusting on an average 
three or four sets of head-lamps per day. 

The Washington Safety Council is interested in head- 
lamp adjustment from the standpoint of street safety, 
and has lent its aid through its poster service. About 
100 posters were displayed in prominent parts of the 
city and several hundred additional posters were carried 
on street-cars, trucks, taxicabs and the like, bearing the 
following reminder: “Blinding Head-Lamps are Danger- 
ous and Unlawful. How About Yours?” 

As already stated, good lenses and reflectors are now 
available, but a campaign of education is necessary to 
secure a better adjustment of head-lamps. I suggest 
that this is a movement that the Society can well sponsor 
and believe that, if one member in each section of the 
Country would be responsible personally for furthering 
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the movement, results would be secured quickly. The 
local automobile club, the dealers’ association, the safety 
council and other civic bodies can work together with 
enforcement officers, and the results secured from this 
cooperation should provide a remedy for the present 
unsatisfactory conditions prevailing on the roads at 
night because of improper lighting. 

QUESTION :—Would it not be possible to make lenses 
so that they would not turn in the lamp and get out of 
adjustment? 

R. N. FALGE:—Notched lenses and other means are 
in use today on some cars to keep the lenses from rotat- 
ing. Standards have been established for notches by 
the Society, and can be found in the S. A. E. HANDBOOK 
on p. B6. 

QUESTION :—Instead of depending only on screens for 
adjustment, why not employ mechanical methods such 
as fixtures to set the lamp and the bulb? 

Mr. FALGE:—Attempts have been made to develop 
equipment of this kind but, so far as I know, none of 
these devices has come into general use. Devices could 
easily be made to adjust accurate equipment. The diffi- 
culty arises from the fact that commercial head-lamps 
are seldom accurate in the laboratory sense of the word, 
and it is very difficult to compensate in a focusing and 
aiming device for all of the little variations that may 
affect the adjustment. 

QUESTION :—Could the lateral spread be obtained solely 
from a reflector with only a plain lens? 

Mr. FALGE:—Yes; that is being done in a number of 
makes of reflector on the market. 

QUESTION :—Do you find that you are forced to dim 
with the compensating lens? 

Mr. FALGE :—At times, yes; particularly in some States 
where motorists are so used to seeing glaring head- 
lamps on approaching cars that they insist on dimming 
if they see a white light in the approaching head-lamps, 
regardless of whether they glare or not. In other States, 
like Massachusetts where head-lighting regulations are 
strictly enforced, dimming is illegal, and motorists do 
not signal to opposing drivers to dim unless their head- 
lamps are really glaring. 

QUESTION :—Would it be practicable to compel motorists 
to have their lamps adjusted at authorized stations? 
What has been the experience in States where this has 
been attempted? 

Mr. FALGE:—State-authorized service-stations to com- 
pel motorists to adjust their head-lamps and keep them 
in adjustment seem to be working out very well in several 
States. Mr. Maples brought out the point that head- 
lamps at times are defective, and will not remain in 
adjustment over a reasonable period of time. 

QUESTION :—How many accidents are due to dimming? 

Mr. FALGE:—The only statistics that I have on this 
subject are those furnished by Mr. Devine. He found, 
if I remember correctly, that about 25 per cent of the 
fatal accidents at night during 1921 were due to poor 
head-lighting. 

Mr. DEVINE:—We analyzed approximately 400 fatal 
accidents, for the reason that all fatal accidents involve 
a very complete investigation; we had all the facts at 
our finger tips. An analysis of these 400 cases shows 
that, of the night fatalities caused by lighting conditions, 
three were due to insufficient light to every one due to 
glare. We have gone into the matter of approved ad- 
justers very thoroughly. We send an application form 
and instructions to anyone who wishes to be appointed 
as an approved adjuster and now have approximately 
800 of them all over the State. We find that we could 
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not get any enforcement without making use of them. 

CHAIRMAN C. T. MYERS:—What reports do you get 
from those adjusters as to the faults of equipment? 

Mr. DEVINE:—We send out a notice to a man who 
has been complained of, stating that our office is in 
receipt of a complaint to the effect that his lights are 
adjusted improperly, that he has no device on, that he 
has an improper bulb or that his reflector is defective. 
He is notified either to fix the defect himself and report 
to one of our examination points, or go to an approved 
adjuster and have them fixed. At the bottom of the 
notice is a space for the adjuster to fill out and sign, 
stating that he has fixed the lamps and certifies that 
they comply with the law. The report, so returned, is 
filed with the complaint. 

CHAIRMAN MYERS:—What kind of complaint with re- 
gard to equipment do you find comes in on these reports? 

Mr. DEVINE:—The commonest complaints are improper 
adjustment and defective reflectors. We have done con- 
siderable work with reflectors because we realize that, 
to get the required amount of light, the reflector must be 
in good condition. The average motorist does not ap- 
preciate how fast a reflector will deteriorate, particularly 
if the glass is broken and is left out for a day or two. 
A steel reflector, when silverplated, will be ruined in a 
short time if moisture gets on it. 

Mr. CARLSON :—Out of some 400 cars that were tested 
at the Bureau of Standards in the City of Washington, 
36 per cent had the lenses twisted so that the beam was 
not horizontal, 73 per cent were out of focus and 47 per 
cent were not tilted correctly. A record was kept of 
the cars tested. If the head-lamps were in such poor 
condition that they could not be adjusted readily, the 
motorist was advised either to buy a new reflector or, in 
very bad cases, to get an entirely new outfit, reflector 
and device. 

In some cases it is very difficult to tilt the lamp down 
because it is mounted rigidly on the fender. This diffi- 
culty usually can be remedied by buying new brackets 
that are slotted or, in the case of Ford cars, by using 
a wrench or tilting iron. The Lincoln car has a lever 
connected to the reflector that moves the beam up or 
down. Some cars have universal mountings so that, by 
loosening a nut, the whole head-lamp housing can be 
moved. 

Mr. DEVINE:—The question of adjustment and the 
simplicity of adjustment have been touched on in one 
respect or another by practically every speaker tonight. 
I have already told you just what happens the moment 
we stop enforcing the law; and that is not due to the 
fact that our adjusting instructions are complicated. 
We have abandoned the four focal adjustments that 
we had formerly; the principal, back, front and special. 
We have also stopped specifying the varying degrees of 
tilt that are necessary, 3 in. for one lens, horizontal for 
another and so on. All those things were misleading 
and made the instructions involved so that the motorist 
would give up in despair. 

We now show two pictures on our instruction sheet: 
one, the beam from a typical lens properly focused and 
properly aimed, of the general elliptical shape shown 
by Mr. Falge, concentrated just below the horizontal; 
the other, a lamp out of focus with the beam spread all 
over the screen. We tell motorists to place the car 25 ft. 
from a wall, to move the focusing device until the beam 
looks like the illustration, and then to tip the lamp down 
until the top of the beam is a sufficient distance below 


the center of the lamp to allow for loading the car. That 
is all. 
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CHAIRMAN MyYeEers:—One point that has not been 
brought out is that persons who drive over asphalt or 
dark-surface roads are more apt to be serious offenders 
than those who drive over macadam or concrete roads, on 
which there are considerable reflection and illumination 
from a beam of given candlepower. We cannot ask lamp 
manufacturers or mirror manufacturers to compensate 
for that, but many things affect illumination besides 
manufacture and installation. Some persons insist on 
adjusting lamps so that they can drive over certain roads 
to their satisfaction. They may also have certain optical 
defects to which they cater. 

Two important points are to be considered. First, 
that the motorist must be given a simple method of de- 
termining what is the proper sort of light and a simple 
method of getting it; second, that considerable refine- 
ment in the manufacture and assembling of lighting 
equipment used in automobiles is necessary. 

A large number of parts having perceptible tolerances 
' must be assembled and still preserve the alignment of 
the focus. This means that the tolerance in the various 
parts must be reduced considerably below that existing 
at present. That is a matter of hard plugging on the 
part of the manufacturer of the equipment and persistent 
educating on the part of the State departments that are 
entrusted with the making of the proper laws and the 
enforcing of them. All these forces can be brought into 
agreement. We must depend on individuals following 
up the points that have been brought out and bringing 
pressure to bear in the proper quarter. 

Mr. FALGE:—One point that should be mentioned is 
that the lens shown in the paper as designed to compen- 
sate for variations in filament positioning is one that we 
developed ourselves. We were interested not because we 
intended to market the lens, but because it appeared to 
offer a means, when used with fairly accurately assembled 
bulbs, to eliminate the focusing adjustment. We expect 
to turn it over to manufacturers of equipment of this 
character but hope at the same time to devise some means 
for encouraging its use with good reflectors and other 
light-redirecting parts. With poorly made equipment, 
its advantages in eliminating the need for a focusing 
adjustment and in distributing the light in a desirable 
manner will be lost to a large extent. 

Another point that I believe is very important is that 
where but one type of light distribution is available, and 
that is supposed to be legal, the motorist is tempted to 
aim the beams a little too high to compensate for varia- 
tions in the range due to loading and provide for the 
small percentage of time when he needs to see a greater 
distance ahead than is permitted with a strictly legal ad- 
justment. By raising the beams slightly, he causes ob- 
jectionable glare at all times. It does not seem at all 
unreasonable to suppose that, with tilting equipment, 
spotlights, or other means for adjusting the height of 
the beam, under the control of the driver, such tempta- 
tion would not only be eliminated but the motorist would 
even be inclined to be overly decent and tilt the beams 
even more than is required by law. The glaring light 
must, of course, be eliminated in passing other cars and 
in the city, but no objection should be made to this, as 
the legal distribution would be entirely satisfactory for 
city driving and passing other cars in the country. 

F. H. Forp:—If I disagree with some of the statements 
or ideas advanced in, the paper, it is not because I do not 
appreciate the effort that Messrs. Falge and Brown 
have put forth in bringing the matter of good driving- 
light before all of us in a convincing and interesting way. 
It is because a candid discussion of the subjects covered 


in the paper will be likely to be of general good that I 
am bringing up some points of difference between my 
opinions and those of the authors of the paper. As 
stated in the paper, we are still struggling with the 
problem of poor driving-light and glare because the 
head-lamp question has not been “handled so effectively 
as have others of less importance that have to do merely 
with road performance and repair bills.” Is it not pos- 
sible that the answer to the whole problem is just there? 

If we can talk to the driver in terms of what a good 
driving-light will do for him in the way of better road- 
performance and fewer accidents, will it not be much 
easier to wake him up to the importance of good driving- 
light than if we keep telling him about beam candle- 
power, eight-point tests, degrees of arc, focal points and 
police courts? If the illuminating engineers will devise 
some way of showing where the various head-lamp de- 
vices are supposed to put the light on the road and indi- 
cate the illumination at these points in terms of bright 
moonlight or some other unit of comparison with which 
we at least think we are familiar, the average driver 
probably will be able to get the idea. The lighting speci- 
fications of the Illuminating Engineering Society and 
the Society of Automotive Engineers were formulated for 
use as a guide to trained technicians in making labora- 
tory tests. We have been trying to use them in getting 
the interest of the kindergarten class in illumination, 
and the only wonder is that we have succeeded as well as 
we have. 

The mystery with which the subject of automobile 
headlighting is surrounded is well illustrated by the in- 
structions that usually are furnished as a guide for in- 
stalling and adjusting head-lamp devices. Even the 
authors seem to be somewhat doubtful about the instruc- 
tions they have given in this paper. Quoting from it: 

Most of the readers of this paper who wish to im- 
prove the headlighting on their own cars, but do not 
know just how to go about it, will find the following 
procedure of adjustment fairly simple after reading 
the discussion of the principles of headlighting equip- 
ment that have been stated in the paper. 

The italics are mine. 

The great trouble with all of the instructions is that, 
unless a man knows enough about headlighting not to 
need any instructions, the instructions are likely to be 
more misleading than helpful. For instance, practically 
all of them start out by telling you to take the fronts 
and the lenses off your head-lamps. Then you are 
directed to adjust the position of the lamp in the re- 
flector to give some kind of a round spot of light on a 
screen a certain distance in front of the head-lamps. 
Then you are told to put the head-lamp front in place on 
the head-lamp and to be careful when putting it on that 
you do not disturb the adjustment that has been made. 
The instructions given in this paper suggest that you 
can tell whether or not the adjustment has been disturbed 
by putting one front with its lens on the head-lamp, lock- 
ing it in place as it will be used, and then holding the 
other front with its lens close to the reflector to see if 
the pattern of light is the same for both head-lamps. If 
the adjustment has not been disturbed, the patterns will 
be alike. If they are not alike, something has happened 
and you must guess what. There is, of course, always 
the chance that you have made the circle of light you 
adjust for originally of the wrong size when adjusting 
both head-lamps; and so, even if the pattern of light 
from the two head-lamps is the same, both are wrong. 

It would simplify matters greatly if the manufacturers 
of head-lamp devices could be persuaded or compelled to 
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furnish a facsimile of the pattern of light thrown by 
their device when it is installed properly and the head- 
jamp is adjusted correctly for focus and tilt. If the pat- 
tern of light were shown in relation to a horizontal line 
representing the level of the center of the head-lamp, it 
would be necessary only to tell a person to adjust the 
position of the lamp to give the official pattern of light, 
with the head-lamp front and lens in place just as it 
would be used on the road. The head-lamp should then 
be pointed to bring the pattern of light in the same re- 
lation to a line representing the level of the center of the 
head-lamp as is shown on the official pattern of light for 
that particular device. How can we expect people to 
make a correct adjustment of head-lamps if they do not 
know what the light they are trying to adjust for looks 
like or what it is supposed to do? 

Referring to the possibility of simplifying the matter 
of adjustment by omitting the focusing device, it seems 
doubtful if the benefits from such a procedure would be 
great enough to compensate for the drawbacks. First, 
it would require so much greater accuracy in the making 
and the assembly of the parts of the head-lamp that it 
would increase the cost considerably. Second, the adop- 
tion of a fixed focus would mean, of course, that only a 
device that was made for use with that particular focus 
could be used. It hardly seems that the art of head- 
lighting has advanced to a point which will permit us to 
say that any existing device represents the ultimate limit 
of perfection and that further development should be 
shut off by adopting a head-lamp construction that can 
be used only with one particular device. It would seem 
much better to make the focusing devices used as simple 
and substantial as is practicable and to design the light- 
directing devices themselves so that it will not be neces- 
sary to refocus when a new lamp is put in. This would 


avoid creating a patent monopoly or shutting off further 
development in the matter of headlighting. 

From this paper, it would seem that even the appar- 
ently ideal lens described does not do away with the 
necessity for focusing where the center of the lamp fila- 
ment is located more than 3/64 in. from the principal 
focus of the reflector. It would seem also that this is 
less than half the present tolerance of variation in the 
location of the filament field alone and allows nothing 
for variation in the other parts of the head-lamp or in 
the lens itself. 

We cannot consider the question of headlighting purely 
from an engineering standpoint. Commercial questions 
involved must be given consideration. When considering 
any general changes in construction in the head-lamp, in 
the electric lamp that serves as a source of light or in 
some device used for redirecting the light from the head- 
lamp reflector, we must, before adopting such changes 
as standard, determine carefully whether such action will 
limit any of the units that make up the complete head- 
lamp to those of some type that is protected by patents 
to such an extent that its forced use would involve a 
considerable increase in the cost of the complete head- 
lamp. 

It is pointed out in the paper that, when the lamp fila- 
ment is located at the principal focus, the light from the 
reflector can be redistributed most effectively by vertical 
flutes in the cover glass to spread the beam laterally and 
variable horizontal prisms to bring the maximum candle- 
power near the top of the beam. This means that, if the 
principal focus were adopted as the only focus to be used, 
we should be compelled to make use of some ineffective 
means for redistributing the light or we should be obliged 
to make use of a construction that is advertised as being 
covered by a basic patent. 


GENERAL DESIGN AND URBAN PERFORMANCE 
OF ELECTRIC TRUCKS 


(Concluded from p. 30) 


voltage, a better operating speed and a more uniform 
discharge-capacity than if the battery is used for less 
than its rated capacity. 

Mr. SEVERINS:—How much work is involved in chang- 
ing the battery when the car is used for day-and-night 
service? 

CHARLES NovAK:—The average time required for 
changing the battery is 1 hr., but some do it in 30 min. 
using the old-style cradle. 

R. H. MARRINER:—In the Exide garage in New York 
City we took care of a number of trucks of the Burns 
Coal Co. By using a Shepard hand-truck we changed 
hatteries in from 5 to 10 min. after proper preparation. 
[In other words, by placing the spare battery near the 
truck, spotting the car near that point and being properly 
prepared, two men could do the job in from 5 to 10 min. 
You must have a level floor and a special place in the 
garage for making the change. 

P. M. HotpswortTH :—What type of interchange does 





A) 


Mr. Novak use? 
that sort? 

Mr. NovaAk:—It is the common, ordinary delivery- 
truck such as Mandel Bros. have; no cradle at all. I 
never saw a man change a battery in 5 min. 

Mr. HOLDSWORTH :—You take out a single tray at a 
time? 

Mr. NovAK:—Yes; there are eight changes. 

Mr. HOLDSWORTH :—It is not changed as a unit? 

Mr. NOVAK:—No. 

Mr. CARROLL:—TIn closing, I should like again to 
emphasize the fact that I have not intended to convey 
the impression that the electric truck is the modern 
cure-all for all transportation. There is not, in my 
opinion, any competition between the electric truck and 
the gasoline truck in the economic sense of the word, 
because each of these types has its “particular field, 
which can be served best only by the type of truck suited 
to that field. 


Is it the Stone cradle or something of 
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THE GENERAL-PURPOSE TRACTOR 


Y “general-purpose tractor” is meant an efficient source 

of mechanical power that can be used not only for cus- 
tomary tractor drawbar and belt-operations, but also, when 
properly equipped and adjusted, for efficient cultivating and 
other light drawbar-work now done with horses. 

Farm operations can be classified as follows: preparation 
of the seed-bed, planting the seed-bed, cultivating, harvest- 
ing, belt work and miscellaneous. Reference to average 
operations on the average farm indicate that horses are nec- 
essary for planting seed-beds, cultivating row crops, har- 
vesting most of the crops except wheat and miscellaneous 
hauling. Tractors, as we know them today, are most suit- 
able for the preparation of seed-beds, harvesting wheat and 
belt operations. 


YEARLY OPERATIONS ON AVERAGE TRACTOR-F ARM 


The various operations performed each year on an average 
tractor-farm are listed below, and the usual source of power 
on efficient farms is specified. 


Preparation of Seed-Bed in the Spring 


Plowing Tractor 

Discing Tractor 

Harrowing Tractor 
Planting the Seed-Bed 

Drilling Grain or Seed Horse 

Planting Grain or Seed Horse 

Planting Potatoes, etc. Horse 
Cultivating Row Crops Horse 


Harvesting All Crops 


Cutting Small Grain Tractor or Horse 


Mowing Hay Horse 
Loading Hay Horse or Tractor 
Cutting Corn Horse 
Digging Potatoes Horse 
Preparation of Seed-Bed in the Fall 
Plowing Tractor 
Discing Tractor 
Harrowing Tractor 
Belt Operations 
Threshing Tractor 
Silo Filling Tractor 


Feed Grinding Gas Engine or Tractor 


Wood Sawing Gas Engine or Tractor 
- Baling Tractor 
Shelling Tractor 
Shredding Tractor 
Miscellaneous 
Orchard Spraying Horse 
Spreading Manure Horse or Tractor 
Hauling Horse 


An examination of several tractor investigations discloses 
the interesting fact that the present tractor-owner displaces 
on an average of only 2.8 horses per tractor. On many 
farms the maintaining of both a tractor and horses would 
be too big a burden. There is not sufficient work to justify 
buying a tractor for only a part of the farm work. 

In the winter wheat-belt and prairie rice territories, trac- 
tors are used in great numbers, but in the corn and cotton 
States where cultivating and, to a lesser extent, other light 
drawbar operations play a more important part in farm 
management, fewer tractors relatively are found. 

Diversified farming is highly recommended by most farm 
management authorities, yet diversified farming means more 
cultivation and more light drawbar-work, for which the pres- 
ent tractor is unsuitable. 

The importance of row crops can be appreciated by refer- 
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ring to the statistics of the major crops grown in the United 
States, as published in the 1922 Yearbook of the Department 
of Agriculture. In connection with these figures, which are 
presented in Table 1, it should be noted that the statistics 
of soy-beans and cow-beans have been omitted, as they are 
planted both broadcast and in rows. 








TABLE 1—ACREAGE AND VALUE OF GRAIN AND ROW CROPS 


Grain Crops Acreage Value’ 
Wheat 61,230,000 $864,139,000 
Oats 40,693,000 478,548,000 
Barley 7,390,000 97,751,000 
Rye 6,210,000 66,085,000 
Flax 1,308,000 25,869,000 
Rice 1,055,000 39,178,000 
Buckwheat 785,000 13,312,000 

Total for Grain Crops 118,671,000  $1,584,882,000 

Row Crops 
Corn 102,428,000 $1,900,287,000 
Cotton 33,742,000 1,192,461,000 
Grain Sorghums 5,051,000 79,389,000 
Potatoes 4,331,000 262,608,000 
Tobacco 1,725,000 306,179,000 
Sweet Potatoes 1,116,000 84,492,000 
Sugar Beets’ ERR ec gee 
Sugar Beets’ 537,000 29,605,000 
Cane pane COU ee 
Eee co eet aoe 7,614,000 


Total for Row Crops 149,451,000 $3,862,635,000 


1 The values given are based on the prices current on Dec. 1, 1922. 
2 Area planted. 
3 Area harvested. 





In 1922 the row crops mentioned occupied 30,780,000 acres 
more than did grain crops. Further explanation of the 
pressing need for a good general-purpose tractor seems 
unnecessary. 

Motor-cultivators have been efficient but lacking in power. 
With plowing attachments, they seem to be deficient in 
adaptability, durability or dependability, economy and ease 
of handling. 

Plowing and cultivating are two of the big jobs on the 
farm. Power is needed for plowing; speed for cultivating. 
To be thoroughly practical a general-purpose tractor must 
be efficient for both classes of work. A one-plow tractor has 
not sufficient power to pull a two-row cultivator. The addi- 
tional power and weight necessary for pulling two plows will 
not be found harmful or too expensive in cultivating. 

In the next few years the two-plow or the three-plow 
tractor will increase in number, but the general-purpose 
tractor will then come into its own. One expert expresses 
the opinion that the main development will be a general- 
purpose machine that can be used in nearly all farm opera- 
tions. While the present type of tractor can be regarded 
as a successful field-machine, so far as plowing and general 
operations of that nature are concerned, it is far from satis- 
factory for other field operations. 

Row-crop farming lacks in efficiency because suitable me- 
chanical power in the form of a general-purpose tractor is 
not available. Labor conditions on the farm are such that 
extra help for cultivating and harvesting, which usually 
overlap, is expensive and hard to get. A general-purpose 
tractor will relieve this situation. In designing a general- 
purpose tractor, plowing and belt-work should be kept in 
mind as well as cultivating and mowing. The general-purpose 
tractor should be able to pull two 14-in. bottoms under most 
conditions, operate a 20 or 22-in. thresher, mow a 6, 7 or 
8-in. swath or pull two mowers if desired and plant and culti- 
vate two or three rows at a time——From a paper by F. A. 
Wirt of the J. I. Case Threshing Machine Co., presented 
before American Society of Agricultural Engineers. 
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Standards Committee Division Reports 


satisfaction that mem- 

bers of the Society 
note the effects of its early 
entry into, and the vigorous 
pursuit of, the problems 
of standardization. Many, 
who, at the beginning, 
were fearful of the conse- 
quences of too aggressive 
work in what was then a 
relatively pioneer field, are 
now enthusiastic over the 
practical value of sensible 
standardization. Society 
members can review with 
pride a long list of accom- 
plishments and, further, 
can note the following 
standards under consider- 
ation. 

In the development of 
each of these standards, 
intensive and minute re- 
view by able men is neces- 
sary and brings forth 
every detail of their re- 
quirements with respect to 
material, design, manufac- 
ture, distribution, sale and 
service insofar as each of 
these items applies. 


I: must be with great 





search. 


Standardization automatically creates the highest sen- 
sible type of engineering product to meet the require- 
Serious errors resulting from the correct use of 
such products are practically impossible. 


ments. 


In the development of a stand- 
ardization scheme for almost any 
industry producing machines, 
one logical procedure consists of 
two important steps: First, the 
elimination of needless varieties 
and types and of illogical sizes; 
and, second, the development of 
suitable standards. Most stand- 
ards fall naturally into the fol- 
lowing groups: 

(1) Nomenclature 

(2) Materials standards 

(3) Manufacturing standards 

(4) Design standards 

(5) Machine elements, parts and 
fittings 

(6) Machine-unit standards 

(7) Complete machine standards 

(8) Special equipment and at- 
tachment standards 

(9) Research, testing, reports and 
analysis 


Under the heading of nomencla- 
ture is included all that relates 
to correct naming and termi- 
nology. 





This review further lays bare the 
basis for fundamental as well as necessary sensible re- 


ward approving the accompanying 

Division Reports will be taken at the 
Annual Meeting on Tuesday, Jan. 22, in the 
Meeting Hall on the 15th floor of the General 
Motors Building, Detroit. The reports are 
published in this issue of THE JOURNAL in 
order that those interested may have suffi- 
cient time: to study the recommendations 
prior to the Standards Committee Meeting. 
This meeting will be in the nature of a 
public hearing. 

Non-members of the Standards Committee 
or of the Society will be welcome at the 
Standards Committee Meeting and their 
comments on the Division recommendations 
will be carefully considered. 

Special attention is called to the introduc- 
tion by E. A. Johnston, chairman of the 
Standards Committee. This outlines a logical 
procedure that could well be followed in 
either company or general industrial stand- 
ardization. 


Sire ane COMMITTEE action to- 








Materials standards in- 
clude specifications that re- 
late to selective uses, analy- 
ses, physical properties, 
tolerances and the like. 

In the third group, man- 
ufacturing standards, is 
included everything that 
relates to processes and 
procedure in turning out 
uniform products in large 
quantities. 

The fourth group of de- 
sign standards covers those 
that relate to types, fea- 
tures, practices, procedure, 
data and all creative prod- 
ucts. 

In the next group those 
standards of the most ele- 
mental features of a group 
of machines that may have 
distinctive features accord- 
ing to the fields being 
served are included. 

The machine-unit stand- 
ards relate to those groups 
of parts that work together 
or can be used here and 
there in several complete 
machines. 








Under the heading of complete-machine standards are 
included those that give distinction to the company 


putting them out or that evidence suitability for the 
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purpose for which they were created. 

The standards included in the special equipment and 
attachment group relate to those parts that add to gen- 
eral usefulness, refinement or the adaptability of the 


outfit to various conditions. 

In the ninth and last group are 
included standards of research, 
methods of tests, standardized 
reports and a!l such activities as 
relate to the analysis of the 
characteristics of the product as 
well as what relates to the de- 
termination of unknown data. 

If now we apply to each object 
of standardization what may be 
included under each of these 
nine headings, as well as their 
natural subdivisions, we will 
have a comprehensive and logi- 
cal analysis. 

The creation of standards 
should be satisfying to all com- 
mittee-men who have worked 
upon them because the results 
are of real consequence and 
value. The industry as a whole 
should further support their 
efforts. 

In this important standards 
work it has been a great pleas- 
ure to enter into the problems 
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with these earnest engineers whose generosity in time, 
frank discussions of the problems involved and energy 
and skill displayed in the advancement of this profes- 
sional work have been inspiring, and from it all I have 
gained much. E. A. JOHNSTON, 
Standards Committee Chairman. 


AGRICULTURAL POWER-EQUIPMENT 
DIVISION REPORT 


At the June meeting of the Standards Committee the Agri- 
cultural Power-Equipment Division proposed for adoption 
as §.A.E. Recommended Practice specifications for tractor 
canvas and rubber endless driving-belts developed by the 
Subdivision on Tractor Belts and Pulleys. The accompany- 
ing specifications for tractor leather driving-belts were de- 
veloped by the same Subdivision, of which O. B. Zimmer- 
man, of the International Harvester Co., is chairman, and 
were approved by letter-ballot by the Division. 

It is believed that the present recommended practice for 
canvas and rubber belts and the proposed specifications for 
leather belts will find extended use in other applications 
than tractor drives. 

The principal reason for developing specifications for 
the three types of belt is to meet all possible field conditions. 
The relative value of the different types of belt as to ad- 
hesion, carrying load per square inch of cross-section and 
the ability to splice when necessary, as well as the ability 
to be made waterproof, has been given much consideration 
by the manufacturers and their best minimum practice is 
reflected in these specifications. 


Proposed S. A. E. Recommended Practice for Tractor 
Leather Driving Belts 


For farm tractors, new endless leather belts shall 
measure the full taped and specified length without 
allowance being made for the splice. This length shall 
be the single stock length and correct to within a toler- 
ance of plus or minus 0.5 per cent to take care of 
reasonable shrinkage or stretching and splicing in man- 
ufacture. 





SeeaUe An AND RATINGS OF LEATHER BELTS 








Belt Belt Length, Ft. 


2 Approximate 
Horsepower Rating 
Width, | Plus or Minus -————~———— 





in. 0.50 Per Cent Single Ply \Double Ply 
1 3 60, 75 15 24 
4 60, 75 21 34 
5 | 60, 75 25 40 
6 60, 75 30 48 








The horsepower rating is for 16-oz. heavy-weight 
belts. For. ratings of medium-weight belts, multiply by 
0.9. The horsepower ratio of single to two-ply belts is 
1.6. 

The approximate horsepower rating is based on a 
belt speed of 3000 ft. per min. Belts shall be operated 
at one of the S. A. E. Standard belt speeds and at the 
above ratings. Belts are subject to a reasonable initial 
tension. The rating is such as will enable these belts to 
earry from 50 to 100-per cent overload according to 
weight as shown below over a reasonable period and 
during emergencies without injury. 


PULLEY DIAMETERS 


The driven pulley diameters shall be not less than 
7 in. for light, 8% in. for medium and 10 in. for heavy 
belts and should be preferably as large as practical 
conditions permit. 

To insure good traction and long life, thinner and 
wider belts should be chosen in preference to thicker 
znd narrower belts. 


SPECIFICATIONS 


Leather.—Belts under these specifications shall be 
made from vegetable-tanned belting butts only of stand- 
ard tannages. They shall not be rolled. They shall be 
waterproof. 


Currying.—The leather shall be properly curried. 
The grain surface shall be worked smooth but without 
rolling. The belt shall be dressed with a good water- 
proof dressing. The grease-content shall not exceed 
25 per cent of the dry weight of the leather and shall 
not contain more than 35 per cent of unsaponifiable 
matter. 


Adulteration——Magnesium sulphate, glucose, barium 
chloride or any other materials shall not be used for 
weighting the leather. The presence of a greater amount 
of stuffing content than hereinafter specified shall be 
considered as adulteration. 

The belting shall be obtained from selected side-stock, 
and from within a distance of 24 in. from the back- 
bone, thus excluding all belly and flank stock. No piece 
of leather in the finished belt shall be more than 56 in. 
in length. 

Tensile Strength.—Five samples taken from one belt 
or one lot of belts shall average 3300 lb. per sq. in. of 
cross-section, and the minimum shall be 3000 lb. per 
sq. in. The average shall be determined with five test- 
specimens selected at random from different parts of 
the sample being examined. 

Test specimens as shown in the accompanying illus- 
tration shall be cut with a metal die. The edges of the 
test-specimen shall be a cut at a true right angle to the 
surface. The minimum thickness inside the gage marks 
shall be used in determining the area of the cross-sec- 
tion of the test-specimen. 





TEST-SPECIMEN UsED IN MAKING TENSILE-STRENGTH TESTS 


Stretching.—-All leather after stuffing shall be thor- 
oughly stretched while wet and left under tension until 
dry. All belt pieces shall have the stretcher-marks cut 
off. 

The average elongation at a tensile stress of 2000 lb. 
per sq. in. shall not exceed 16 per cent. The average 
shall be determined with the same five test-specimens 
used for determining the tensile-strength, the data being 
taken at the same time. 

To determine the amount of elongation parallel gage- 
marks 2 in. apart shall be placed upon the restricted 
portion of the test-specimens. The distance between the 
gage-marks shall be measured with a pair of spring- 
dividers, at a tensile stress of 2000 lb. per sq. in. 


LENGTH OF LAPS IN INCHES 
Thickness, Belt Minimum 
P ly In. Width, In.| Lap, In. 
Single 10%, and over 3 4 
4 4 
5 5 
6 6 
['wo-ply 16 and over 3, 6 3 


_- 


-- omgaeree 


_— ——————————— 


— 


eT QE 


AT A SS AAI ALOT RTT 









a 


AS TTC ONO ET 


Vol. XIV 


January, 1924 





No. 1 





STANDARDS COMMITTEE DIVISION REPORTS 39 


The amount of stretch shall then be determined by 
measuring the opening of the dividers on a scale. 

Laps.—The length of laps shall be made with the 
limits given in the table at the bottom of p. 38. 

The laps shall not open when subjected to a tensile 
stress of 2000 lb. per sq. in. The opening of the laps 
shall be determined by testing two specimens cut across 
the point of the lap lengthwise of the sample. The laps 
are to be carefully cemented with waterproof cement 
and may be tested by immersion in water for 24 hr. 

Weight and Thickness.—The thickness for the differ- 
ent grades of belting shall be as specified in the accom- 
panying table. 





AVERAGE THICKNESS OF DIFFERENT GRADES 





Weight, | Average Thickness, 
Grade Oz. In. 
Medium single-ply 14 1%, up to 1% 
Heavy single-ply . ..| 16 124, up to 4% 
Medium two-ply . . . 21 16% and over 


The average thickness shall be determined by meas- 
uring the thickness of 15 to 20 plies of the belt when 
rolled, and dividing this value by the number of plies 
measured. 


Uniformity.—No point in any belt shall be more than 
2/64 in. thicker, nor more than 2/64 in. thinner, than 
the average thickness. 


Tolerances.—Belts shall not vary from nominal width 
more than 2% per cent. 
C. B. Rose, Chairman. 


AXLE AND WHEELS DIVISION REPORT 
Since the Standards 
Committee Meeting at 
Spring Lake, the Axle 
and Wheels Division has 
held only one meeting, 
but considerable work has 
been accomplished by the 
Subdivisions. Probably 
our most important work 
is being carried on by the 
Subdivision on Differen- 
tials, of which S. O. White, 
of the Warner Gear Co., 
is chairman. Mr. White 
recently made a_ report 
covering four-pinion dif- 
ferentials with the side- 
gears mounted either in 
the case or in the spider, 
which, if adopted, will 
greatly simplify the prob- 
lems of the differential manufacturers who are now obliged 
to produce a large number of designs differing only in un- 
important details. [The report of the Subdivision on Dif- 
ferentials is printed in this issue under Tentative Standardi- 
zation Work on p. 74.] W. W. Davison, of the Wire Whee! 
Corporation of America, is formulating, in cooperation with 
the manufacturers, specifications for wire-wheel spokes. 





Cc. C. CARLTON 


BRAKE-DRUMS 


The standardization of brake-drums was undertaken first 
by the Truck Division in 1920, a Subdivision being appointed 
with R. J. Burrows, of the Clark Equipment Co., as chair- 
man. <A report was drawn up at that time and referred 
to the brake-drum manufacturers and users but, owing to 
the differences of opinion that existed, no definite action was 
taken. Upon the appointment of the Axle and Wheels Di- 
vision the subject was referred to this Division. 


Early last year we sent out a, general letter to the pas- 
senger-car and the motor-truck builders requesting definite 
information as to the desirability and the feasibility of stand- 
ardizing brake-drums. As the consensus of opinion brought 
out by this general letter indicated that passenger-car brake- 
drum standardization is important and that standards should 
be developed, a Subdivision was appointed with E. R. Jacobi, 
of the Hayes Wheel Co., as chairman, the other members 
being 


F. C. Burkhardt Crosby Co. 

R. J. Burrows Clark Equipment Co. 

L. J. Fralick Parish & Bingham Corporation 
G. W. Harper Columbia Axle Co. 

J. S. Schneider Bossert Corporation 

A. Van Halteren Motor Wheel Corporation 

G. L. White Federal Pressed Steel Co. 


At the October meeting of the Division the Subdivision 
submitted the accompanying recommendations, which met 
with general approval of the Division members, although 
it was thought by some that definite wall-heights should be 
specified. The process of manufacturing is,. however, such 
that it makes little difference whether there are variations 
in the wall-height provided there is a definite maximum. 
As some confusion exists as to the relation between the 
run-out and the eccentricity, the Division appended to the 
report a note on this point. It was also thought necessary 
to explain the manner in which the eccentricity should be 
measured. 

The present trend is toward heavier steel for all sizes of 
brake-drum, but the proposed recommended practice is a big 
step forward in standardization, and the steel thickness can 
readily be revised as soon as practice indicates the desir- 
ability. 

The Division recommends that the accompanying dimen- 
sions for passenger-car brake-drums be adopted as S.A. E. 
Recommended Practice. 


Passenger-Car Brake-Drum Dimensions Proposed as 
S. A. E. Recommended Practice 




















Out- Stock |Maximum/} Maxi- 
xo |S | lai. | RE PRB te 
meter Wall tricity? 
0 844| 8.005- 7.995 | 0.1250} 1%, | 0.010 
“1 | 10 | 9.790- 9.770 | 0.1250 | 15% 
2 | 11 | 10.710-10.690 | 0.1650| 2% 
3 | 12 | 11.666-11.646| 0.1875 | 2% 
4 | 13 | 12,666-12.646 | 0.1875} 234 | 0.010 
5 | 14 | 13.635-13.615 | 0.2030 | 23% | 0.010 
6 | 15 | 14.635-14.615 | 0.2030| 3 
“7 | 16 | 15.605-15.585 | 0.21801 334 
gs | 17 | 16.541-16.521 | 0.2500} 3% | 0.015 





Dimensions in inches, 





The eccentricity shall be measured on the outside 
diameter % to % in. from the outer edge of the brake- 
drum when it is mounted on a face-plate and registered 
from the center bore. (The run-out as measured by an 
indicator will be twice the eccentricity specified.) 


FRONT-AXLE MOUNTINGS 


At the October meeting of the Axle and Wheels Division 
the Division report that was réferred back for further con- 



























































January, 1924 








40 





sideration at the Standards Committee Meeting at Spring 
Lake was reviewed. The principal objection to the Spring 
Lake proposal was that it specified 12 instead of 8 bolts 
for hubs No. R1 to R4. 

We recognize that usual practice has been 8 or even 6 
instead of 12 hub-bolts and that the standard should follow 
current practice providing it is based on sound engineering 
practice. We stil] feel that 12 hub-bolts are not only ideal 
but desirable, and with the wider use of four-wheel brakes 
some engineers, who opposed 12 bolts at the Spring Lake 
Meeting, are now actually using 12 on both front and rear 
wheels with boss-spoke bolts omitted. We believe it best to 
adopt current practice now, but with the belief that 12 bolts 
will ultimately prevail. 

We have also learned that the present S.A.E. Recom- 
mended Practice should be revised in view of the use of 
softer steel for the wheel hub. Under the condition, more 
metal is needed to back up the outer bearings. This can be 
obtained only by increasing the hub bores. 

Data on the present practice for hub-cap threads have 
been compiled and a report to be based thereon is now 
being prepared by A. S. Van Halteren and R. J. Burrows. 
The Division recommends that the present S.A.E. Recom- 
mended Practice for Front-Axle Hubs, p. Fib, be revised 
and extended to conform to the dimensions given in the 
accompanying table. 


Proposed Dimensions for Passenger-Car Front- 



































Wheel Hubs 

Bolt- Hub Bore for 
Hub | Circle | Number! Bolt Outer Bearing 
Size | Diam- of Diam- eer 

eter, Bolts eter, Maxi- | Mini- 

In. In. mum mum 
RO| 5 6 hp eb yew fs 
R1| 5% | 8 % | 2.2380 | 2.2370 
R2} 6 | 8 | % | 2.2380 | 2.2370 
R3 | 64% | 12 | % | 2.6135 | 2.6120 
R4| 6% | 12 “HE SE, HRS 











FELLOE-BANDS 


Among the subjects referred to the Division by the Coun- 
cil, as a result of limiting the scope of the Tire and Rim 
Division’s work to tire and rim matters only, is felloe-bands. 
At the meeting of the Tire and Rim Association of America 
held on Oct. 9 it was requested that the Society consider 
changing the present tolerances of plus 0 and minus 1/16 
in., specified in the present S.A.E. Standard for Felloe- 
Bands, p. G7 of the S. A. E. HANDBOOK, to plus 1/16 in. and 
minus 0, before application to the wheel, so that the manu- 
facturers can more easily hold to the S.A.E. tolerances 
of plus 1/16 in. and minus 1/32 in. for the band circum- 
ference after application. The revision meets with the 
general approval of the Division members as it does not 
affect the tolerances for the circumference of the finished 
wheel. 


Proposed Change in Felloe-Band Tolerances 


The present S. A. E. Standard for felloe-bands 
should be revised to specify tolerances of plus 1/16 in. 
and minus 0, instead of plus 0 and minus 1/16 in., for 
the felloe-band circumference before application to 
the wheel. 

C. C. CARLTON, Chairman. 


FRAMES DIVISION REPORT 


The two dimensions that lend themselves most favorably 
to standardization are the frame width and the nominal 
frame-depth without regard to thickness of material. By 
assuming a nominal frame-depth and not specifying the 
stock thickness, the thickness may be varied to meet the in- 
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dividual conditions such as the wheelbase and the character 
of the load. In other words, while the outside depth of the 
channel may vary according to the thickness of stock, the in- 
side dimensions will remain the same, and this is the impor- 
tant point in the fabrication of side-rails. 

The accompanying recommendation of the Division was 
formulated at a joint meeting of the Frames and the Truck 
Divisions in March of last year. As a result of circularizing 
it among truck and frame builders for comment, certain 
changes were made. The. revised recommendation was pub- 
lished in the December, 1923, issue of THE JOURNAL on p. 503. 

It is argued that to classify frames on a basis of capacity 
rating is meaningless. This point is well taken. However, 
if a builder should feel that the proposed design for a certain 
capacity of truck is either too light or too heavy for his par- 
ticular design, there should be no objection to using either the 
lighter or the heavier section. 

The standardization of frame widths would be of greater 
benefit to the industry as a whole than any other dimension. 
At present a great variation exists in practice. However, it 
is felt that the proposed standards agree with the practice of 
the majority of the builders and could be adopted greatly to 
their benefit in future designs. 


Proposed S.A.E. Recommended Practice for Motor- 
Truck Frames 














| Frame Width, In. 











Nominal] Actual 
Truck Side-Rail|Side-Rail 
Capacity, Offset Depth, | Depth, 
Tons Straight In n. 
Front Rear 
Speed Wag- 
inp ae oer 5 45% 
% to lk 34 31 34 6 5% 
2to2% 34 31 34 7 6% 
3 to 3% 38 ate Leap 8 7% 
Over 3144 | 38 ici So ae 814 


! 





W. A. McKINLEY, Chairman. 


ENGINE DIVISION REPORT 


In addition to the rec- 
ommendations that the 
Engine Division is ready 
to submit for Standards 
Committee action, we have 
been working on _ the 
standardization of poppet 
valves and_ starting- 
cranks. Owing to changes 
in company connections it 
has been necessary to re- 
appoint the Subdivision on 
poppet valves. Although 
this will delay the work, 
we should have a report 
ready for final action at 
the Semi-Annual Meeting. 
F. S. Evelyn, of the Con- 
tinental Motor Co., has 
been working for some 
time on _ standardization 
connected with starting-cranks. The present S. A. E. Stand- 
ard is limited to the starting-crank only, but there is a 
demand for standardization of the starting-crank lugs and 
of the crankshaft jaws that are often an integral part of 
the crankshaft. 

The Division has been cooperating with the Passenger-Car 
Division, the Underwriters Laboratories and the National 
Automobile Chamber of Commerce in developing a method of 
numbering engines to minimize the theft of cars. Worth- 
while ideas submitted to the Society as a result of publicity 
sent out by the Society office last year were incorporated in 
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actual samples that were submitted to the Underwriters 
Laboratories for test, but none was approved. A method of 
engraving the engine and the frame numbers was brought to 
the attention of the Underwriters Laboratories as a result of 
the publicity, however, and has been approved. The Division 
has recommended that the National Automobile Chamber of 
Commerce adopt this method as being the only one approved 
by the Underwriters Laboratories in accordance with the re- 
quirements of the Underwriters’ Conference toward estab- 
lishing a 7-per cent reduction in theft-insurance premiums 
where an approved system is used only on the engine or the 
car frame, or a 20-per cent reduction in such premiums when 
the system is used on both the engine and the car frame. 
This recommendation has been concurred in by the Passenger- 
Car Division. 


ENGINE TESTING FORMS 


It will be remembered that at the Standards Committee 
Meeting in January, 1922, and again in June, 1923, we pro- 
posed certain revisions in the present S. A. E. Engine Testing 
Forms, these proposals being referred back to the Division as 
a result of criticisms and suggestions. At our meeting in 
Chicago last October we carefully reviewed the previous pro- 
posals and the accompanying proposed revisions in the En- 
gine Testing Forms were approved. 


Proposed Changes in the S.A.E. Standard Engine 
Testing Forms 


RULES AND DIRECTION SHEET 


The following sentence should be inserted at the end 
of the fourth paragraph of the rules and directions for 
the use of the specification sheet: 

Give the diameter of the fan, the projected 
width of the fan blades and the ratio of the fan 
speed to the engine speed. 

The last sentence of Item 32, reading, “State name 
and grade of oil used,” should be omitted as it will be 
covered in the Log Sheet. 

The following should be included as the last sentence 
of the rules and directions for the use of the specifica- 
tion sheet. 

(33) Give list and description of accessories 
attached to the engine during the test. 

The following should be inserted at the end of the 
“Rules and Directions for Use of Forms”: 


CORRECTION FORMULA 


B-Hpc = B-Hpo X (Ps/Po) X V (To/Ts) 
where 
B-Hpc- = correct brake-horsepower 
B-Hpo = observed brake-horsepower 
Po = observed barometric pressure in inches 
of mercury. 
Ps = standard barometric pressure in inches 
of mercury. 
To = observed absolute temperature in de- 
grees fahrenheit 
Ts = standard absolute temperature in de- 
grees fahrenheit 


SPECIFICATION SHEET 


Under Item 6 spaces should be included for the diam- 
eter of the fan, the number and projected width of the 
blades and the ratio of the fan speed to the engine 
speed. 

At the end of the sheet the center-heading “Acces- 
sories” followed by the item.“(33) Accessories Attached 
During Test” should be added. 


LOG SHEET 


The spaces for recording the name of the laboratory, 
the date and the names of the observers should be trans- 
ferred from the right-hand to the left-hand side of the 
box at the top of the sheet. 

Spaces at the right-hand side of the box at the top 
of the sheet should be inserted for recording the kind 


of oil, the grade, the cold-test and the Saybolt univer- 
sal viscosity, at 100 and at 210 deg. fahr. 
The following footnote should be added: 

If readings are corrected to 60 deg. fahr. and a 
barometric pressure of 29.92 in. of mercury, use 
the correction formula on Sheet A, Rules and 
Directions. 


CURVE SHEET 


The ordinates for the fuel consumption in pounds per 
brake horsepower hour should be changed so that 0.5 
Ib. per b.hp-hr. will be on the second line from the 
bottom of the sheet, the ordinates increasing by in- 
crements of the 0.1 Ib. per b.hp-hr. up to and includ- 
ing 2.0 Ib. per b.hp-hr. for every five lines. 

The intermediate values for the brake-horsepower 
ordinates should be inserted. 


FLYWHEEL HOUSINGS 


As a result of difficulty experienced in aligning the clutch- 
housing flange holes with the tapped holes in the flywheel- 
housing flange so that the capscrews can be started properly, 
we have given careful consideration to the correct size of the 
clutch-housing flange holes. A survey of present practice 
showed that out of 29 installations a clearance of 1/64 in. be- 
tween the flywheel-housing flange capscrews and the clutch- 
housing flange holes was used by 4 companies, 1/32 in. by 22 
companies and 1/16 in. by 2 companies. The recommendation 
of 12 of these companies was to adopt 1/32 in. as standard, 
but 2 desired 3/64 in. and 13 1/16 in. 

Although the capscrews are not used for aligning purposes 
inasmuch as the clutch-housing flange has a pilot fitting into 
the flywheel housing, we feel that it would be inadvisable to 
recommend a greater clearance over the nominal bolt-size 
than 1/32 in. because if the holes are made larger than 1/32 
in., very little bearing surface is left for the head of the cap- 
screws. 

The present standard does not specify fixed dimensions for 
the No. 5 flywheel housing. As there is a noticeable tendency 
in engine design toward smaller engines, we have specified 
eight 3/8-in.—16 U. S. S. tapped holes. 

We have found that unless the various dimensions specified 
in the present standards are kept within certain limits, ex- 
cessive misalignment or eccentricity results. We therefore 
consider it advisable to specify tolerances for the flywheel 
housing and the clutch-housing flanges, the face of the fly- 
wheel and the bore for the pilot bearing. 

We are now considering the advisability of standardizing 
dimensions for plain crankshaft pilot bearings for trans- 
mission shafts inasmuch as this type of bearing is being used 
to a larger extent than formerly. No action is to be taken, 
however, until complete information as to present practice 
has been obtained and tabulated. 


Proposed Tolerances for S.A.E. Standard Flywheel 
Housings 


The bolt-holes in the clutch housing flanges should 
be 1/82 in. larger than the nominal diameter of the fly- 
wheel housing bolts. 

The No. 5 flywheel housing should have eight 
%-in-16 U. S. S. flange holes equally spaced on the 
12%-in. bolt-circle, the holes nearest the vertical cen- 
ter-line being 22% deg. therefrom. 

The tolerances for the flywheel housing bore should 
be plus 0.005 in. and minus 0.000 and the maximum 
eccentricity 0.005 in. (Indicator reading, 0.010 in.) 

The maximum variation of the face of the flywheel 
housing flange from its true position, when the housing 
is rotated on its axis, should be 0.003 in. (Indicator 
reading, 0.006 in.) 

The maximum variation of the counterbored surface 
of the disc-clutch type of flywheel from its true posi- 
tion, when the flywheel is rotated on its axis, should 
be 0.0025 in. when measured at a radius of 5% in. 
(Indicator reading, 0.0050 in.) 

The maximum eccentricity for the J11%-in. counter- 













































se er 


at ea * ¥ Z a ts wm Pena + hie AE aay - : 





Vol. XIV 





bore in the dise-clutch type of flywheel should be 0.0025 
in. (Indicator reading, 0.0050 in.) 

The eccentricity for the bore in the disc-clutch type 
of flywheel for the pilot bearing should be 0.0025 in. 
(Indicator reading, 0.0050 in.) 

The diameter of the pilot on the flange of the clutch 
housing shall be the same as the nominal diameter of 
the bore in the flywheel housing; the tolerances should 
be plus 0.0000 and minus 0.0050 in.; and the maximum 
eccentricity should be 0.0025 in. (Indicator reading, 
0.0050 in.) 

The maximum variation of the face of the clutch 
housing flange from its true position, when rotated 


about its axis, should be 0.0025 in. (Indicator reading, 
0.0050 in.) 


ENGINE SUPPORT ARMS 


Early this year it was suggested that the Engine Division 
should standardize the position of the engine rear support- 
arms with regard to the face of the flywheel housing for 
each standard size. Information was obtained as to general 
practice, but as a result of subsequent suggestions the scope 
of the project was extended to include dimensions for the 
engime rear support-arms similar to the present S. A. E. 
Standard for truck and tractor engine support-arms. 

Present practice was found to have crystallized to a large 
extent for certain of the dimensions, especially the center-to- 
center distance of the support-arm holes, the vertical distance 
from the support arms to the center-line of the crankshaft 
and the bolt diameter. However, the dimension which the 
Division was originally asked to standardize, the distance 
from the face of the flywheel housing to the engine support- 
arm holes, was found to vary greatly. In 64 engine installa- 
tions, 32 different dimensions were used, not more than one 
dimension being used in six installations. 

In submitting this report, we have considered it advisable 
to combine the present standard for truck and tractor en- 


Revised and Extended S.A.E. Standard Pro- 
posed for Engine Rear Support Arms 





‘= Face of Flywheel 
Housing 
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2This size is intended primarily for tractors. 


Sine _— 2-2 Se D | ze | o | Maxi 
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gine support-arms with the proposed standard for the 
passenger-car engine support-arms. The adoption in actual 
practice of this standard will reduce the number of mounting 
brackets necessary and secure greater interchangeability of 
the various makes of engine. 


J. B. FISHER, Chairman. 
LUBRICANTS DIVISION REPORT 


The subject of trans- 
mission lubricants has 
been under investigation 
since 1920 by the Lubri- 
cants Division and by a 
Subdivision on Transmis- 
sion Lubricants consisting 
of W. E. Jominy, of the 
University of Michigan, 
and H. G. Smith, of the 
Bureau of Standards. 
Tentative specifications 
have been submitted, pub- 
lished in THE JOURNAL, 
and circularized among 
automobile builders  sev- 
eral times. The early re- 
port of the Subdivision 
covered the same_ two 
grades that are covered 
in the final Subdivision 
report that was recently submitted by Chairman Jominy. 

The result of the publicity given these specifications has 
been to make small changes in the pour test in both the sum- 
mer and the winter grades and in the flash test for the 
winter grade. The final report submitted by the Subdivision 
appeared to be in accord with desirable practice, except that 
it did not include a specification equivalent to a winter lubri- 
cant with a viscosity of 80 to 100 sec. at 210 deg. fahr., as 
desired by the General Motors Corporation. 

The members of the Lubricants Division considered it ad- 
visable to include in the report the specification for the grade 
desired by the General Motors Corporation. The definite 
specifications proposed by the Division are given in the ac- 
companying table. 





H. C. MovueGry 


Proposed S.A.E. Standard for Transmission 
Lubricating Oils 


General.—These specifications cover grades of pe- 
troleum oil suitable for the lubrication of transmission 
and differential gears, worm drives, and roller and ball 
bearings used in connection therewith. 

Compounded lubricating oils containing products 
other than those derived from petroleum are not dealt 
with in these specifications. 


Maxi- 


| mum 


Viscosity, Saybolt | Pour- 
Universal, at 210 Test, 
Minimum} Deg. Fahr., Sec. | Deg. 
Specifi- | | Flash- | ane ‘ Fahr. 
cation | Grade | Point, | |(American 
No. | | Deg. Society 
| Fahr.* for Tes- 
| | ting Ma- 











Minimum| Maximum 


terials 
| Method) 


Special 
90 Winter 

110 Winter 
160 Summer 4 


\* 
Dee 





325 80 100 10 
325 100 120 15 
50 | 150 170 55 








‘American Society for Testing Materials Cleveland Open Cup 
Test. 


i. C. Mevonvy, Chuiten. 
MOTORBOAT DIVISION REPORT 


Since the initial meeting of the Motorboat Division in 
September, at which it was the consensus of opinion that 
there existed a real need for standardization in the motorboat 
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industry and that a determined effort should be made to de- 
velop standards, several meetings have been held and con- 
siderable progress has been made. The most important sub- 
ject under consideration is, perhaps, the standardization of 
engine bed-timbers, the purpose being to make it possible for 
boat builders to design the engine bed-timbers so that engines 
of different horsepower or make can be replaced without ex- 
pensive alterations in the bed-timbers. Other subjects under 
consideration are manifold connections, tachometer drives, 
stuffing-boxes and engine couplings. 

The work on engine couplings involves a revision of the 
present S.A.E. Standard for motorboat engine couplings, 
steel and cast-iron couplings, propeller-shaft couplings and 
propeller mounts, pp. E7 to E18 inclusive of the S.A.E. 
HANDBOOK. The Division therefore recommends that the 
present standards for these parts be withdrawn from the 
S.A.E. HANDBOOK, 


NON-FERROUS METALS DIVISION REPORT 


At the beginning of the 
year considerable discus- 
sion was had regarding 
the specifications on white 
bearing metals, especially 
babbitt specifications Nos. 
10 and 11, p. D103 of the 
S.A.E. HANDBOOK. Two 
points were under discus- 
sion: The limits of com- 
position, which were 
thought by some to be too 
close, and the methods of 
sampling both ingots and 
east products. The re- 
vised specifications of Au- 
gust, 1922, were finally ad- 
judged satisfactory to all 
concerned as regards the 
composition limits. In ref- 
erence to the methods of 
sampling, decision was made that the Division would not 
recommend any methods, this being in line with past deci- 
sions of the Division on the same subject. 

Criticisms of Specification No. 78, Aluminum Sheet and 
Strip, were received to the effect that the “temper” designa- 
tions given did not correspond to the commercial designa- 
tions. It was decided to revise this specification in part to 
comply with this criticism. At the same time the properties 
of one additional “temper” were added to the specification 
and more detailed information was added on the permissible 
dimensional tolerances. Some changes were made also in the 
tensile-strength and elongation values of the various tempers 
of aluminum sheet, these changes being in line with the most 
uptodate information on this subject. The revised Specifica- 
tion No. 78 in its proposed final form, with the exception of a 
few minor points in connection with the interpretation of 
“tempers,” was published on p. 418 of the November, 1923, 
issue of THE JOURNAL. 





ZAY JEFFRIES 


Proposed Revision of Specification No. 78 for Aluminum 
Sheet and Strip 


Composition in Percentage.—Aluminum, min., 99.00. 

Physical Properties—Aluminum sheet or strip is fur- 
nished in several tempers or degrees of hardness. 
These tempers or degrees of hardness are indicated by 
the reduction in thickness produced by cold-rolling 
after annealing and are expressed in terms of the 
number of American wire (Brown & Sharpe) gage 
sizes included between the final annealing thickness and 
the finish thickness. Thus, temper No. 4 indicates that 
the sheet was given its final annealing at a thickness 
four gage-numbers thicker than the finish gage, to 
which it was subsequently reduced by cold-rolling. 
“Temper No. 0” indicates that the sheet or strip is in 
the soft annealed state. “Hard temper” indicates that 
the sheet or strip has been reduced in thickness after 
its final annealing by 12 or more gage-numbers by cold- 


rolling. The mechanical properties of aluminum sheet 
or strip of tempers Nos. 0, 4 and 6 and hard temper 
are given in the accompanying table. 

The tensile test-specimen shall be cut from the sheet 
or strip parallel to the direction of rolling. The bend 
test-specimen may be cut without regard to the direc- 
tion of rolling. Sheet or strip of tempers Nos. 0 and 4 
shall ‘withstand being bent-cold flat upon itself, with- 
out cracking. Although tensile tests of sheet or strip 
of temper No. 6 indicate an elongation only slightly 
greater than that of the hard-temper sheet, it is con- 
siderably more ductile, as is evidenced by the fact 
that it will withstand cold-bending through an angle 
of 180 deg. around a diameter equa] to twice the thick- 
ness of the sheet, without cracking. Hard aluminum 
sheet or strip will not endure any considerable amount 
of bending without cracking, especially in the thicker 
gages. 


PHYSICAL PROPERTIES OF ALUMINUM SHEET AND STRIP 
THICKNESS 


Minimum Mini- 
| Tensile- mum- 














Temper A.w.g In. Strength, | Elonga- 
pes Lb. per tion in 
| Sq. In. 2 In., 
From |To, Incl. From To, Incl, Per Cent 
2 9 0.258 0.114 12,000 30 
(Soft) 16 0.114 0.051 12,000 30 
16 20 0.051 0.032 12,000 25 
20 24 0.032 0. 12,000 
24 28 0.020 0.013 12,000 15 
6 9 0.162 0.114 16 ,000 7 
4 9 16 0.114 0.051 16,000 7 
| 16 20 0.051 0.032 16 ,000 5 
20 24 0.032 0.020 16 ,000 4 
24 28 0.020 0.013 16,000 3 
10 16 0.102 0.051 18,000 5 
6 16 20 0.051 0.032 18,000 3 
20 24 0.032 0.020 18 ,000 2 
24 28 0.020 0.013 18,000 2 
10 16 0.102 | 0.051 | 22,000 4 
Hard 16 20 0.051 0.032 24,000 3 
20 24 0.032 0.020 26 ,000 2 
24 28 | 0.020 0.013 | 30,000 1 





PERMISSIBLE TOLERANCES 











THICKNESS 

Se ee eS wee ee ee Me 
| Tolerance, 

A.w.g. In. Plus or 
ee a Se or Minus, In. 

From To, Inel. From To, Incl. | 

2 4 0.258 0.204 0.0100 

4 9 0.204 0.114 0.0060 

9 13 0.114 | 0.072 0.0030 

13 21 0.072 0,029 0.0025 

21 24 0.029 0.020 0.0020 

24 28 0.020 0.013 0.0015 


General Information.—The specific gravity of alumi- 
num sheet and strip is about 2.70. Young’s modulus 
of elasticity is about 10,000,000 lb. per sq. in. Alumi- 
num sheet or strip is used for many purposes where 
the requirements either as to service or as to the form- 
ing operations are too specific to be covered in any 
general specification. It is usually advisable there- 
fore to submit samples or drawings to the manufac- 
turer to assist in the selection of the proper temper 
for the service or forming operations. 

Aluminum sheet or strip is used for automobile bodies, 
hoods (special flat sheet), fenders, housings, floor cov- 
erings, molding, instrument parts, instrument-boards, 
hub-caps, wire-wheel discs, brake-drum covers, miscel- 
laneous pressings, and for many parts used in air- 
craft construction. 








ZAY JEFFRIES, Chairman 


PASSENGER-CAR BODY DIVISION REPORT 


The Passenger-Car Body Division has considerable work 
still in progress. C. D. Holley, of the Acme White Lead & 
Color Works, is chairman of a Subdivision working on stand- 
ard specifications for paints, varnishes and enamels. We do 
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not expect an early report as considerable research work will 
have to be done before any standards can be formulated. 
We are also working on the standardization of several types 
of door hinge. . 

A Subdivision working under the direction of F. G. Smith, 
of the American Brass Co., expects to report on steel and 
brass rolled and drawn shapes at the Summer Meeting of the 
Standards Committee. This work may be considered as a 
continuation of the standardization of aluminum molding. 
George Mercer is chairman of a Subdivision cooperating with 
the consulting committee of the Central Committee on Lum- 
ber Standards in gathering specific data from the body 
builders as to their hardwood lumber requirements. This 
work is part of the very comprehensive standardization move- 
ment undertaken by the Central Committee on Lumber 
Standards, which was organized at the request of Secretary 
Hoover of the Department of Commerce. 


ALUMINUM SHEET 


Although the present S.A.E. Non-Ferrous Metal Specifi- 
cations include aluminum sheet and strip, no attempt has been 
made to standardize sheet sizes. We realized that the body 
industry would gain through the elimination of many odd 
sizes of aluminum sheet, and R. A. LaBarre, of the Towson 
Body Co., was asked to make a study of the requirements of 
the industry in this respect and to determine upon a limited 
number of aluminum sheet sizes that would meet production 
requirements. Mr. LaBarre’s preliminary report specified 
seven sizes of sheet, all of No. 14 A.w.g. As a result of 
criticisms received, the report having been submitted for 
comment to all body-builders, it was considered desirable to 
include five sizes of sheet of No. 16 gage. No sheets of No. 
15 gage were included in the recommendation as the demand 
for sheets of this gage is small. 

The larger producers of automobile bodies will, of course, 
not always use the sizes recommended, owing to the fact that 
special sizes are often warranted if purchased in sufficient 
quantities, but it is believed that the smaller body-producers 
can adhere to the proposed standards very advantageously. 
As the sizes proposed are now carried in stock by the mills, 
the recommendation will not make it necessary for them to 
carry additional sizes while the standard sizes are coming 
into further use. The recommendation was printed in the 
November, 1923, issue of THE JOURNAL, on p. 418, but the 
notes pertaining to the sheet sizes have since been amplified. 


Proposed S.A.E. Recommended Practice for Aluminum 
Sheet Sizes 


No. 14 Gage No. 16 Gage 
24 x 72 in. 3x TS mm. 
30 x 96 in. 30 x 96 in. 
36 x 120 in. 36 x 120 in. 
36 x 144 in. 36 x 144 in 
40 x 144 in. 48 x 144 in 
I oe er ee og 
a a abebne 
60 x 144 in. 


Aluminum sheet of No. 14 A. w. g should be obtained 
in tempers Nos. 4 and 6 for body panels. Sheets of 
No. 16 A. w. g. should be obtained in temper No. 6 for 
body panels. 

Gray sheets are suitable for stamping except when 
the original finish of the sheet is depended upon for 
the final appearance. 

Sheets shall conform to S.A.E. Specification No. 78 
for Aluminum Sheet and Strip. 


FOOTMAN LOOPS 


To simplify conditions for the body builders as well as for 
the manufacturers of footman loops, we have proposed a 
standard that will meet with the requirements of the majority 
of the body builders. The standard calls for a 1%-in. strap, 
which is considered amply strong. 

The recommendation was published in the January, 1923, 
issue of THE JOURNAL, on p. 126, and if the comments re- 
ceived constitute a criterion, it meets with the general ap- 
proval of the industry. Some discussion has been had as to 
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the proper nomenclature, it being thought that the article in 
question should be called “Door-Strap Loop” instead of a 
“Footman Loop.” We consider, however, that the latter 
name is more widely used and should be retained. 


Proposed S.A.E. Recommended Practice for Footman 
Loops 





UPHOLSTERY LEATHER 


Excellent work has been accomplished by the Subdivision 
on Upholstery Leather, of which K. L. Herrmann, of the 
Studebaker Corporation of America, is chairman. The 
recommendations are sufficiently concise for use in purchas- 
ing and as a manual for inspectors, as well as to establish a 
satisfactory basis for computing the intrinsic value of the 
splits used for upholstering. Specifications for such purposes 
have not been generally available heretofore. 

The Subdivision responsible for the specifications was ap- 
pointed early in 1922 and has held several meetings in differ- 
ent parts of the Country with representatives of the tanners. 
Mr. Herrmann has also been in close contact at all times with 
the Tanners’ Council, he having spent several days during 
their convention last winter in explaining the need for proper 
specifications. The Bureau of Standards, through R. C. 
Bowker, a member of the Subdivision, has also cooperated 
in the work, as is evidenced by the notes compiled at the 
Bureau and published in the October, 1923, issue of THE 
JOURNAL. The complete personnel of the Subdivision is 


K. L. Herrmann, Chairman Studebaker Corp. of America 


R. C. Bowker Bureau of Standards 

W.N. Davis Cadillac Motor Car Co. 

W. H. Graves Packard Motor Car Co. 

R. K. Mitchell Maxwell Motor Co., Inc. 

F. E. Watts Hupp Motor Car Corporation 


A comprehensive discussion of the specifications will be 
submitted by Mr. Herrmann at one of the Body Sessions dur- 
ing the Annual Meeting. 


Proposed S.A.E. Recommended Practice for Upholstery 
Leather 


PROPOSED SPECIFICATIONS FOR FULL-GRAIN (SNUFFED) 
UPHOLSTERY LEATHER 


These specifications are intended to cover the first 
split from a hide containing the full grain of the 
leather, the surface of which is shaved either by hand 
or machine, removing shavings of no appreciable size 
or thickness. 

A vertical section of full-grain leather shall show 
that approximately one-third of the thickness is made 
up of the fine fibers. 

A-selection hides shall contain no patches, knife-cuts 
or knife-scores and 90 per cent shall be free from open 
grub-holes. Ten per cent may contain up to four open 
grub-holes. B-selection hides may contain four patches 
not over 1% in. long and shall not contain more than 
nine open grub-holes. Table-run hides shall contain not 
less than 80 per cent A-selection and not more than 20 
per cent B-selection hides. 

When agreed upon, single-wire butt-branded hides 
shall be accepted under these specifications. 
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Samples consisting of from 10 to 100 hides repre- 
sentative of the cutting value, size and defects of the 
hides that the seller proposes to furnish under these 
specifications shall be submitted to the buyer for ap- 
proval and, if acceptable, will be preserved as stand- 
ards for reference and test and for comparison with 
shipments. 

The manufacturer’s name, the date of shioment and 
the grade shall be stamped, and the area marked, on 
all hides. 

Hides shall average 





sq. ft. per hide, but no 
hide shall be less than sq. ft. in area. The width 
across the brisket shall be ft. 

Hides shall be grained and finished as specified. 

The thickness shall be 3/64 in. with tolerances of plus 
and minus 1/128 in., as measured with a Woburn gage 
or the equivalent. 

Hides shall show no defect or surface blemish affect- 
ing the appearance of the material, such as brush 
marks or stops and bad flows. 

Leather must show no evidence of surface cracking 
when doubled and creased at 32 deg. fahr. 

From each 500 hides received a sample measuring 
6 x 9 in. shall be cut from a location in the hide repre- 
sentative of the leather that is to be cut into uphol- 
stery. The tearing properties of three 3 x 6-in. test- 
specimens cut from each sample shall be determined 
by gripping the test-specimens 3 in. apart between jaws 
that are 1 in. wide on the upper side and 3 in. wide on 
the under side and pulling in a tensile testing-machine 
at the rate of 12 in. per min. Test-specimens shall show 
no evidence of tearing under a load of 100 lb. The 
elongation at the above load shall not be over 33 per 
cent. 

Failure to comply with any of the above require- 
ments will be cause for the return of the shipment, or 
any part thereof, for full credit, plus carrying charges 
both ways. 


PROPOSED 








SPECIFICATIONS FOR MACHINE-BUFFED 
UPHOLSTERY LEATHER 


These specifications are intended to cover the first 
split from a hide after a thin layer of the grain thick- 
ness, called a buffing and approximately 1/64 in. thick, 
has been removed. 

A vertical section of machine-buffed leather shall 
show some of the thickness is made up of the fine fibers. 

A-selection hides shall contain no patches, knife-cuts 
or knife-scores and 90 per cent shall be free from open 
grub-holes. Ten per cent may contain up to four open 
grub-holes. B-selection hides may contain four patches 
not over 14% in. long and shall not contain more than 
nine open grub-holes. Table-run hides shall contain not 
less than 80 per cent A-selection and not more than 20 
per cent B-selection hides. 

When agreed upon, single-wire butt-branded hides will 
be accepted under these specifications. 

Samples consisting of from 10 to 100 hides repre- 
sentative of the cutting value, size and defects of the 
hides that the seller proposes to furnish under these 
specifications shall be submitted to the buyer for ap- 
proval and, if acceptable, will be preserved as stand- 
ards for reference and test and for comparison with 
shipments. 

The manufacturer’s name, the date of shipment and 
the grade shall be stamped, and the area marked, on all 
hides. 

Hides shall average 
be less than 
shall be ft. 

Hides shall be grained and finished as specified. 

The thickness shall be 3/64 in. with tolerances of plus 
and minus 1/128 in., as measured with a Woburn gage 
or the equivalent. 





sq. ft. per hide, no hide to 
sq. ft. The width across the brisket 








Hides shall show no defect or surface blemish affect- 
ing the appearance of the material, such as brush marks 
or stops and bad flows. 

Leather shall show no evidence of surface cracking 
when doubled and creased at 32 deg. fahr. 

From each 500 hides received a sample measuring 
6 x 9 in. shall be cut from a location in the hide repre- 
sentative of the leather that is to be cut into uphol- 
stery. The tearing properties of three 3 x 6-in. test- 
specimens cut from each sample shall be determined 
by gripping the test-specimens 3 in. apart between 
jaws that are 1 in. wide on the upper side and 3 in. 
wide on the under side and pulling in a tensile testing- 
machine at the rate of 12 in. per min. Test-specimens 
shall show no evidence of tearing under a load of 150 
lb. The elongation at the above load shall not be over 
33 per cent. 

Failure to comply with any of the above require- 
ments will be cause for the return of the shipment, or 
any part thereof, for full credit, plus carrying charges 
both ways. 


PROPOSED SPECIFICATIONS FOR NO. 1 SPLIT UPHOL- 
STERY LEATHER 


These specifications are intended to cover the second 
split or thickness of a hide obtained after either a full- 
grain or machine-buffed split has been removed. 

A-selection hides shall contain no patches, knife-cuts 
or knife-scores and 90 per cent shall be free from open 
grub-holes. Ten per cent may contain up to four open 
grub-holes. B-selection hides may contain four patches 
not over 1% in. long and shall not contain more than 
nine open grub-holes. Table-run hides shall contain 
not less than 80 per cent A-selection hides and not more 
than 20 per cent B-selection hides. 

When agreed upon, single-wire butt-branded hides 
will be accepted under these specifications. 

Samples consisting of from 10 to 100 hides repre- 
sentative of the cutting value, size and defects of the 
hides that the seller proposes to furnish under these 
specifications shall be submitted to the buyer for ap- 
proval and, if acceptable, will be preserved as stand- 
ards for reference and test and for comparison with 
shipments. 

The manufacturer’s name, the date of shipment and 
the grade shall be stamped, and the area marked, on all 
hides. 

Hides shall average —— sq. ft. per hide, no hide to 
be less than sq. ft. The width across the brisket 
shall be ft. 

Hides shall be grained and finished as specified. 

The thickness shall be 3/64 in., with tolerances of 
plus and minus 1/128 in., as measured with a Woburn 
gage or the equivalent. 

Hides shall show no defect or surface blemish affect- 
ing the appearance of the material, such as brush 
marks or stops and bad flows. 

From each 500 hides received a sample measuring 
6 x 9 in. shall be cut from a location in the hide rep- 
resentative of the leather that is to be cut into up- 
holstery. The tearing properties on three 3 x 6-in. test- 
specimens cut from each sample shall be determined 
by gripping the test-specimens 3 in. apart between jaws 
that are 1 in. wide on the upper side and 3 in. wide on 
the under side and pulling in a tensile testing-machine 
at the rate of 12 in. per min. Test-specimens shall 
show no evidence of tearing under a load of 200 Ib. 
The elongation at the above load shall not be over 33 
per cent. 

Failure to comply with any of the above require- 
ments will be cause for the return of the shipment, or 
any part thereof, for full credit, plus carrying charges 
both ways. 

































































January, 1924 No. 1 


Renn EN NSS sess 


46 THE JOURNAL OF THE SOCIETY OF AUTOMOTIVE ENGINEERS 


ALUMINUM MOLDING 


The report of the Subdivision of Aluminum Molding, of 
which W. D. Foote, of the Aluminum Co. of America, is 
chairman, received final Division approval at our last meet- 
ing. The original report was printed in the May, 1923, issue 
of THE JOURNAL, but in view of comments received from 
Society members, it was considered advisable to limit the 
report to drip and belt molding only, the demand for ell and 
tee molding being limited. The revised report was printed in 
the October, 1923, issue of THE JOURNAL, on p. 343. 

The adoption of the proposed recommended practice in 
actual production would eliminate the great variety of types 


Aluminum Drip Molding Proposed as S.A.E. Recom- 
mended Practice 





Estimated weight per linear foot: 0.180 lb. 


Proposed S. A. E. Recommended Practice for Aluminum 
Belt Molding 











| Estimated 


No. | A | B C D | E | Weight Per 


Foot, Lh 





0.143 





1 \0.7700. 2230 016 0.6250 313 
2 | %! ¥Y% \0.025\0.87510.281| 0.186 
3 |1 | \ |0.025/1.0940.281 0.228 
4 «|1% | |0.025, 1% (0.344) 0.286 
5 11%! % [0.016 2%] %| 0.331 





and sizes that are used in the industry today and make un- 
necessary the large investment in tools and stock that in- 
creases the cost of production. The types of belt molding 
proposed are recognized as standard at the present time and 
it is believed that the sizes proposed will meet all future re- 
quirements, the standards being intended for adoption as soon 
as changes in production and design are economically feasible. 
A. J. NEERKEN, Chairman. 


PARTS AND FITTINGS DIVISION REPORT 


Seah Since the Standards 
Committee Meeting at 
Spring Lake, the Parts 
and Fittings Division has 
been considering five sub- 
jects: Fuel and Lubrica- 
tion Pipe-Fittings, Flex- 
ible-Dises, Wire Cloth, 
License-Plate Mountings 
and Brake-Lining. Defi- 
nite recommendations 
have now been approved 
for pipe fittings and flex- 
ible discs. 

A. W. Weaver has been 
working on the standard- 
ization of wire cloth, a 
tentative report having 
been published in the De- 
cember, 1923, issue of THE 
JOURNAL on p. 502. Ship- 
ment of wire cloth direct from the manufacturers’ stocks, 
quicker deliveries, smaller inventories and lower prices are 
cited as probable results of the adoption of the wire-cloth 
standard in future practice. We expect that Mr. Weaver’s 
report will be ready for action at the Summer Meeting of 
the Standards Committee. 

The work on license-plate mountings is progressing slowly 
owing to the fact that it is necessary to obtain the approval 
of the officials who are responsible for such matters in the 
different States. In many States it probably will be neces- 
sary to revise existing laws to obtain uniformity. We feel 
that much will be accomplished, however, as the members of 
the Eastern Conference of Motor Vehicle Administrators ap- 
preciate the importance of uniform legislation for license- 
plate mountings and are cooperating with us. 

The Subdivision-on Brake-Lining, of which Clarence Car- 
son, of Dodge Bros., is chairman, is continuing its work on 
brake-lining specifications. It will be remembered that S. 
von Ammon, of the Bureau of Standards, presented a paper 
at the 1922 Annual Meeting covering the work that the 
Bureau of Standards had been doing on this subject and de- 
scribing testing machines that had been built. Similar ma- 
chines have been built by the Subdivision members and sev- 
eral meetings have been held to discuss the results obtained. 
The work of Mr. Carson’s Subdivision is most important and 
we hope to have a report covering its status at an early date. 





FUEL AND LUBRICATION PIPE-FITTINGS 


The Parts and Fittings Division has realized for some time 
that the present S. A. E. Recommended Practice for fuel and 
lubrication pipe-fittings of the flared tube and the soldered 
types should be supplemented with compression-type fittings 
in view of the extent to which the last-named type is being 
used. Early in 1922 we appointed a Subdivision consisting 
of W. H. Hollister, of the Imperial Brass Co., who acted as 
chairman, and W. J. Outcalt, of the General Motors Corpor- 
ation. The first report of the Subdivision was published in 
the June, 1923, issue of THE JOURNAL on p. 581. Although 
it was our original intention to submit the Subdivision 
recommendation for action at the Standards Committee Meet- 
ing at Spring Lake, it was withdrawn at the last moment 
owing to comments received. 

The type of compression fitting proposed for recommended 
practice is made by several manufacturers with slight varia- 
tions in the detailed dimensions. It was necessary to analyze 
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the various dimensions used and decide upon such dimensions 
as would make it possible for the several manufacturers to 
adopt the standard without costly production changes. 

A special meeting was held in Detroit on Oct. 18, at which 
the Subdivision members met with representatives of the 
various compression-type fitting manufacturers and reviewed 
the original recommendation. Representatives of the follow- 
ing companies attended this meeting: Commonwealth Brass 
Corporation, General Motors Corporation, Imperial Brass 
Mfg. Co., McRae & Roberts Co., Mueller Metals Co. and Ohio 
Metal Products Co. 

The dimensions agreed upon at this meeting were sub- 
mitted to the members of the Division at a meeting held the 
same day and met with general approval. The revisions 
made in the original recommendation, taken individually, are 
of minor importance, but collectively they represent a careful 
refinement and correlation of corresponding dimensions for 
similar parts. 

The recommendation was printed in the December, 1923, 
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issue of THE JOURNAL, on p. 508, in order that any members 
desiring to submit comments or criticisms might do so in 
time for the Division to act on them before the Standards 
Committee Meeting. 

[As this report goes to press there remains some question 
regarding the right of the several manufacturers to make 
and market the proposed compression type of pipe fittings 
under existing patent conditions, but it is expected that a 
definite decision in this connection will have been reached 
among the manufacturers by the time this report is presented 
to the Standards Committee on Jan. 22.] 


F'LEXIBLE-DISCS 


During the past year a Subdivision consisting of C. W. 
Spicer, of the Spicer Mfg. Corporation, and E. W. Templin, 
of the Goodyear Tire & Rubber Co., has been developing a 
standard for propeller-shaft flexible-discs. A tentative Sub- 
division report was submitted in April of this year and pub- 
lished in the July, 1923, issue of THE JOURNAL. Copies of 


Compression-Type Fuel and Lubrication Pipe-Fittings Propesed by Parts and Fittings Division 
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PROPOSED DIMENSIONS FOR COLLARS, NUTS AND STRAIGHT THREADED-ENDS 












































Small | 
Collar Bore .| Diam- 
Tubing Cc eter | I J 
Diameter} -. be. oe F4 G | H_ |+0.002} Min- K 
A Max- | Min- | Taper imum 
imum | imum ) | 
ly 3% | 0.130 | 0.126 %q «| 0.140 | 5-24 | Ne 3% | 0.1386) \% 346 
446 % | 0.195 | 0.191 | %% | 0.205 | 3-24 | % % | 0.196 | % Yeo 
\y A 0.259 | 0.255 | %@ | 0.269 | %-24 | 36 % | 0.261 ts 4 
54, % | 0.325 | 0.321 | 3 | 0.335 | 4-24 % | %& | 0.328 | % Yo 
3% ifs 0.388 | 0.384 1566 0.398 | %,-24 1340 56 0.391 | % 46 
\% 3% 0 517 0 513 19% 0.527 1146-20 56 1346 0.531 46 36 
| 








All dimensions in inches. 
*U. S. Standard Thread. 








PROPOSED DIMENSIONS FOR ELBOWS, TEES AND UNIONS 
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All dimensions in inches. 
* American Standard Pipe Thread. 















Vol. XIV January, 1924 No. 








48 THE JOURNAL OF THE SOCIETY OF AUTOMOTIVE ENGINEERS 

the report were also submitted to the flexible-disc manufac- STORAGE-BATTERY DIVISION REPORT 
turers and users for comment. The report was based on ; 

information obtained from both users and manufacturers on At a meeting of the Storage-Battery Division held in May 


the assumption that an unnecessarily large variety of pro- recommendations were received from the Automotive Simpli- 
peller-shaft flexible-discs was in general use, thus working an _ fied Practice Committee as a result of a survey of the storage- 
unnecessary hardship on the disc manufacturer as well as battery situation in the automotive industry. This survey 
the service man. The information obtained bore out this as- indicated that over 85 per cent of the batteries used on 
sumption and the report, with the exception of the torque Passenger cars conform to the present S.A.E. Standard for 
ratings proposed, met with general approval. storage-battery dimensions. 

To obtain final definite agreement, a meeting of the Sub- The Automotive Simplified Practice Committee recom- 
division was held at Detroit in October with representatives mended that the Storage-Battery Division establish definite 
of the flexible-disc manufacturers. The original report was storage-battery compartment lengths that would be satisfac- 
revised as a result of this meeting, and approved by the Divi- tory for the standard storage-battery sizes, the lengths to be 
sion members at a meeting held on the following day. Atthe selected so that batteries of the next larger capacity than the 
latter meeting it was stated that if the recommendation is original equipment might be used if desired; that the Storage- 
adopted in future practice a reduction from 155 to 21 in the Battery Division review the present S.A.E. Standard to de- 
number of sizes of discs used will be effected. The detailed termine whether any revision thereof were desirable and that 
changes made in the original Subdivision report were set definite dimensions for the hold-down devices be included. 
forth on p. 504 of the December, 1923, issue of THE JOURNAL. Accordingly, we have reviewed thoroughly the present 

W. C. Keys, Chairman. S.A.E. Standard for Lead-Acid Storage Batteries, p. B23 











Proposed S.A.E. Recommended Practice for Propeller-Shaft Flexible-Discs 
































Bolt-Circle Diameter 
10 














Outside Inside +0.0 Bolt-Hole | Thickness 
Type Nominal | Diameter | Diameter e G G1 Diameter 

Size D d +0.010 +(0.010 +0.010 +0.020 

+0 .030 +0.030 B Bi —0.000 —0.010 

6 x¥%& 6.000 2.250 | et is 0.438 0.313 

6 x 6.000 2.250 i ree i a re 0.500 0.375 

64x\% 6.500 2.500 ae oO i, 0.438 0.250 

6x 6.500 2.500 - ae YS 5 eee 0.500 0.313 

7 x\ 7.000 2.750 eet ke vkwa cl a ee aa 0.500 0.250 

7 x%& 7.000 2.750 ae hecho: ee 0.500 0.313 

7 x% 7.000 2.750 ss Ae 1 ee 0.500 0.375 

Six-Hol Tex, 7.500 2.750 SS ae 2 2 ae 0.500 0.313 
aimee 74x% 7.500 2.750 = Sf Reoeeen < ae 0.500 0.375 
8 x%& 8.000 3.000 i ree 2 Oe 0.625 0.313 

8 x% 8.000 3.000 i’ ss = =s- SS 2. eee 0.625 0.375 

Sox, 8.500 3.000 = i) ae *). 2 eer 0.625 0.313 

8l4x% 8.500 3.000 * ae  S- & Seer 0.625 0.375 

9 x% 9.000 3.250 gn) eee SO eee 0.625 0.375 

6Y4x% 6.500 2.750 : - 2 aes 0.375 0.313 

7 xh, 7.500 2.750 *s 2 eee Oo hoes 0.438 0.313 

Eight-Hole 7 Yx8e 7.500 2.750 SS ae ae ee 0.438 0.406 
84 xh; 8.250 3.000 > i aoe SS are 0.500 0.313 

DUoxts 9.500 3.250 8.000 5.750 4.000 2.875 0.500 0.313 

Double-Row 914x% 9.500 3.250 8.000 5.750 4.000 2.875 0.500 0.375 
1014%4x% 10.500 4.250 8.500 6.000 4.250 3.000 0.500 0.375 





All dimensions in inches. 
* This size of disc is used principally for coupling between engines and transmissions. 
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of the S.A.E. HANDBOOK, and have agreed on certain re- 
} visions and extensions that we believe will make the standard 
of more value to the industry. As it is not easy to tell from 
} the revised standard proposed by the Division what changes 
have been made, the more important changes are noted here- 
} with. 
(1) Battery Nos. 4, 6 and 9 (old numbers) have been 
eliminated as being obsolete 
(2) The maximum overall length of batteries has been 
, reduced slightly 
(3) The 744-in. maximum overall width has been re- 
duced %-in. 
(4) The maximum overall height for batteries Nos. 1, 
2, 3 and 5 has been increased % in. 
(5) A new battery, No. 7, has been added 
(6) Battery compartment lengths of 12, 13%, 14% and 
18% in. have been specified 
(7) The inside compartment-height has been increased 


% in. 

(8) Dimensions for hold-down devices have been speci- 
fied 

(9) Dimensions for straight terminal-posts have been 
eliminated 


Owing to the increase in use of starting and lighting 
equipment on motor trucks, we have thought it best to limit 
the present standard to passenger cars only. We plan to 
formulate an additional standard for motor trucks and mo- 
torbuses because their requirements are special, necessitating 
larger battery capacities and the ability to withstand more 
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DIMENSIONS OF STOF 


RAGE-BATTERIES 








Minimum Capa- Maximum OVERALL 








city, AmMp-Hr, Dimensions, IN. 
No. | No. of |__ NE 
| Cells | 
5-Hr. | 20-Min.} Length | 
Rate Rate | 7 Width | Height 
1 3(b) 60 | 31 | 93% | 73% 10 
2 3(b) 72 | 37 | 10% | 7% 10 
3 3(b) 84 | 43 | 12% | 7% 10 
4 3(b) 96 | 50 13% | 7% 10 
5 3(c) | 95 43 20% 5% 9% 
6 6d) | 36 | 19 12% | 7% 10% 
7 6(d) | 60 31 17% | 7% 10 








| 





6The overall end-to-end length of passenger-car batteries for 
starting and lighting service includes handles, but not hold-down 
devices. The handles and the hold-down devices shall be attached 
only to the ends of the case. Terminals and connections shall not 
extend above the handles; the latter shall be the highest point. 

(6) Arrangement of cells to be as shown in the top drawing. 

(c)End-to-end assembly of jars shown in middle drawing is not 
recommended because of the inherent weakness of this type of 
construction. 

(d) Arrangement of cells to be as shown in bottom drawing. 


of the terminal posts and the position of the handles 
and the name-plates shall be as shown in the accom- 
panying illustration. 

Terminal Posts—When taper posts are used for 
terminals of lead-acid storage-batteries, the dimensions 
in inches shall be: 


violent vibration as a result of heavy-duty service. 


Revised S.A.E. Standard Proposed for Lead-Acid Stor- 
age-Batteries 


Application.—These specifications are intended to 
apply only to lead-acid storage-batteries used in pas- 
senger-cars for starting and lighting. 

Ratings.—Batteries for combined starting and light- 
ing service shall have two ratings. The first rating 
shall indicate the lighting ability and shall be the ca- 
pacity in ampere-hours of the battery when it is dis- 
charged continuously at the 5-hr. rate to a final voltage 
of not less than 1.7 per cell, the temperature of the bat- 
tery at the beginning of such discharge being 80 deg. 
fahr. The second rating shall indicate the starting 
ability and shall be the capacity in ampere-hours of 
the battery when it is discharged continuously at the 
20-min. rate to a final voltage of not less than 1.5 
per cell, the temperature of the battery at the begin- 
ning of such discharge being 80 deg. fahr. 

Location of Battery Parts.—The location and polarity 








-Natne Plate 
on This Era 

















Name Plate on This End 


/2 Volt Side-to Side 








\Wame Plate 
on This End 





Small Diameter of the Negative Post 5 
Small Diameter of the Positive post 11/16 
Taper per Foot 11/3 
Minimum Length of Taper 11/16 


Compartments.—Compartments for starting and 
lighting batteries shall be of metal of not less than 
No. 18 U. S. S. gage (0.050 in.), and supported entirely 
by the chassis. 

The inside width of the compartments shall be 8 in. 
and the height from the bottom shall be 10% in. The 
inside lengths shall be 12, 18%, 14% and 18% in. 

The battery shall rest on two wooden strips, each 2 
in. wide and % in. thick, running lengthwise of the com- 
partment and positively spaced with the edges flush 
with the sides of the battery. 


Hold-Down Devices.—Hold-down devices shall be at- 
tached at the top of each end of the battery case, not 
at the top of the handles. The diameter of the hold- 
down rods shall be 4 in. The diameter of the rod holes 
in the hold-down devices shall be % in., and their cen- 
ters shall be 3/16 in. from the ends of the battery case. 
Hold-down devices shall not extend more than 17/32 
in. beyond each end of the battery case. 

IRVINE M. NoBLE, Chairman. 


SCREW-THREADS DIVISION REPORT 


The development of the 
specifications contained in 
the Report of the Section- 
al Committee on Screw- 
Threads entitled, Standard 
Screw-Threads for Bolts, 
Machine-Screws, Nuts and 
Commercially Tapped 
Holes, in which the Society 
as a joint sponsor has 
been asked to approve, has 
a history so far as the So- 
ciety is concerned dating 
back to 1910. 

At about this time a 
tentative specification for 
S.A.E. bolt and nut 
threads, based on the tol- 
erances in the American 
Society of Mechanical En- E. H. ExRMAN 
gineers Machine - Screw 
Specifications, was formulated by the Miscellaneous Division 
of the Standards Committee, and samples, threaded to the 
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maximum and to the minimum limits, were submitted to mem- 
bers of the Standards Committee for inspection. Following 
this, the specification was put into practice by an interested 
manufacturer for the purpose of determining, through actual 
experience, whether or not the specification would prove ac- 
-ceptable to makers and users alike. 

In 1918, there was created by act of Congress, a National 
Serew-Thread Commission for service on which this Society 
and the American Society of Mechanical Engineers each 
nominated two members. Thereafter the work of the Society 
in this line was coordinated with that of the Commission. 
The putting into practice of the tentative specification by the 
Miscellaneous Division proved of value, as the tried specifica- 
tion, together with another having a slightly greater toler- 
ance-range, furnished dependable foundations for two series, 
Classes 11A and 11B, in the Progress Report of the Commis- 
sion. 

In May, 1919, the Commission issued a preliminary report 
which was reviewed very carefully by a special committee 
appointed by the Society for the purpose. The committee 
made valuable recommendations that were incorporated in 
the final specifications of the Progress Report, approved by 
the Commission in June, 1920, and published in January, 1921. 

Shortly thereafter, a Sectional Committee, sponsored 
jointly by the American Society of Mechanical Engineers 
and the Society, was organized under the rules of procedure 
of the American Engineering Standards Committee, to re- 
view the Progress Report of the National Screw Thread 
Commission and to make available promptly those parts of 
the specifications that had already received the approval of 
the working committee of the Sectional Committee. The 
Screw-Threads Division, about a year ago, recommended 
such specifications for adoption by the Society, but, be- 
cause of pending changes that might have affected the 
specifications, the Council of the Society wisely withheld their 
publication. 

The Sectional Committee completed its task shortly before 
the time of the holding of the Summer Meeting of the Society 
at Spring Lake last year, but the Society took no action on 
the report at that time, as formal approval would of necessity 
have been hurried and would have lacked the deliberate action 
demanded by a matter of such importance. At a meeting in 
September, 1923, the Screw-Threads Division gave careful 
consideration to the report, particularly with respect to the 
application of the specifications to S.A.E. Standards. The 
action taken is, perhaps, best stated by quoting from the 
minutes of that meeting. 

It was explained that the work of the Screw-Threads 

Division on this subject is in three parts: 

(1) Approval of the Sectional Committee Report 
by the Society as a sponsor 

(2) To select such portions of the Report as 
should be recommended for adoption as 
S.A.E. Standards 

(3) A general review of all S.A.E. Standards 
in which screw-threads are specified, for 
the purpose of recommending their revi- 
sion in accordance with the Report 


The complete Sectional Committee Report was dis- 
cussed as to its scope, limited application, to fastening 
units only, and the inflexibility of some portions, par- 
ticularly with respect to the allowance for the neutral 
zone. It was brought out that practice indicates that 
the neutral zone finds application above as well as 
belé6w basic size, the disposition of the allowance de- 
pending upon individual conditions to be met. It was 
agreed that the specifications should be broad enough to 
cover all requirements in the automotive industry. It 
was also explained that the development of the Report 
with its present limited application is largely the result 
of an endeavor to avoid delays that would be incidental 
to the development of, or changes in, the present speci- 
fications to give them the desired broadness. It was 
stated that the work along this line is already under 
way by a Committee of the National Screw-Threads 
Commission. 


The Division felt that the loose-fit class as given in 
the Report will find occasional application in the 
S.A.E. Standards and other automotive work, but that 
the disposition of the neutral zone will necessarily have 
to vary. 

On motion by Mr. Buckingham, seconded by Mr. Case, 
it was voted unanimously that 


The Division recommends approval by the So- 
ciety, as a sponsor, of the Sectional Committee 
Report on Screw-Threads, with the comment that 
at present the Division sees no application in 
automotive work for the “loose-fit class” for 
screws with the neutral zone definitely placed. It 
is understood by the Division that this report re- 
fers to screw-threads for fastening-unit purposes 
only. The Division is working concurrently with 
the National Screw-Thread Commission toward 
developing a specification for standard tolerances 
for units other than those used primarily for fas- 
tening means; this will be submitted at a later 
date. 

By this action the Division definitely recommend that the 
Society as a sponsor approve the Sectional Committee Report 
for adoption as Tentative American Standard. Copies of 
the report will be available in pamphlet form upon request. 

The Division also recommends that the accompanying text 
and tables of the Report be adopted as S.A.E. Standard and 
printed in the S.A.E. HANDBOOK. 


Screw-Threads 


TABLE 1—S.A.E. STANDARD SCREW-THREAD SERIES 





Basic THREADS Per INcH 
Diameter, Major i a wey 
In. Diameter, 
In. | Coarse? Fine’ /|Extra Fine® 
0 | 0.0600 soi 
1 0.0730 64 | 72 
2 0.0860 56 64 
3 | 0.0990 | 48 a Oe ee 
4 | 0.1120 | 40 48 
5 | 0.1250 40 44 | 
6 | 0.1380 32 40 
8 | 0.1640 | 32 36 
10 } 0.1900 | 24 32 
12 0.2160 24 28 
\4 0.2500 | 20 28 36 
WA | 0.3125 18 24 32 
x | 0.3750 16 24 32 
1% | 0.4375 14 20 28 
Lo | 0.5000 13 20 28 
Ve 0.5625 12 18 24 
5% | 0.6250 11 18 24 
34 0.7500 10 16 20 
% | 0.8750 9 14 20 
1 1.0000 Ss 14 20 
1% | 1.1250 7 as | 
1% 1.2500 | 7 12 | 18 
1% 1.5000 6 12 18 
134 1.7500 5 12(e) 16 
2 2.0000 416 12(e) 16 
2% 2.2500 114 12(e) | 16 
2% 2.5000 { 12(e) | 16 
234 2.7500 1 12(e) 16 
3 3.0000 j 10(e) | 16 
Over 3 to 6 10(e) 16 
Over 6 8(e) 16 
The 8.A.E. Coarse Screw-Thread Series, supplemented below 


the 4-in. size by the standard established by the Amerian Society 
of Mechanical Engineers in 1907, is the ‘‘United States Standard”’ 
Screw-Thread Series, sometimes termed the ‘“‘American”’ or ‘‘Na- 
tional’’ Coarse Screw-Thread Series. 

‘The S.A.E. Fine Screw-Thread Series, which was adopted by 
the Society in August, 1922, was formulated for fractional-inch 
sizes up to and including 1 in. by the Mechanical Branch of the 
Association of Licensed Automobile Manufacturers (A. L. A. M.), 
now the National Automobile Chamber of Commerce (N. A. C. C.), 
for automotive applications where U. 8. Standard screw-threads 
were too coarse. In 1911 the A. L. A. M. made the Society (S.A. 
E.) the custodian of the A. L. A. M. Standards, this series then 
becoming the 8.A.E. Regular Screw-Thread Series. This was 
subsequently extended by the 8.A.E. to include fractional-inch 
sizes above 2in. The sizes below \-in. are in accordance with the 
series established by the American Society of Mechanical En- 
gineers (A. S. M. E.). The present S.A.E. Fine Series is some- 
times termed either the ‘‘American”’ or ‘‘National’’ Fine Series. 

*The S.A.E. Extra Fine Screw-Thread Series was adopted by 
the Society in 1915 as the S.A.E. Fine Series for aeronautic and 
other applications where screw-threads finer than 8.A.E. Fine 
Serew-Thread Series are necessary. ‘Tolerances for the extra-fine 
screw-thread series are not covered by the following tables, but will 
be covered in a subsequent report of the Screw-Threads Division 
dealing primarily with fine-pitch large-diameter screw-threads with 
short engagements. 

(e) These pitches are suitable for work requiring short engage- 
ment where it is not practical to specify tolerances for ali conditions 
They are not, therefore, Codinded in the succeeding tables. 
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STANDARDS COMMITTEE DIVISION REPORTS 51 
THREAD FORM TABLE 4—FREE FIT (CLASS 2) FOR SCREWS IN THE 
The form of thread profile specified, known previous- arerenpeeneeniee ee 
ly as the United States Standard or Sellers’ Profile, PT PETE oe 
‘ ‘ } METE TC METE } a 
shall hereafter be known as the American (National) Threads epee as hale paahaainer == — 
Form of Thread Size | per | ~ |Minor 
- : : ‘ | Inch | Maxi- /Toler-| Mini- | Maxi - . _ 
The basic angle of thread between the sides of the ew 7 oeel Bee) Maal - rater) Bink Eiom- 


jmum's; ance | mum |mum'5 ance!) mum eter!’ 


| 
} 





thread measured in an axial plane shall be 60 deg. The 























: aoe caoeegy ‘ 1 64 (0.0730 0.0038|0 .0692|0 . 0629/0 .0019|0.0610/0 .0538 

line bisecting this 60-deg. angle shall be perpendicular 2 56 |0.0860|0.0040/0 .0820|0.0744/0.0020/0.0724'0.0641 

to the axis of the screw-thread. 3 48 10.0990 0.0044|0 .0946/0 0855/0 . 0022/0 .0833|0 .0754 

tg Be ' \0. 1120/0.0048|0 . 1072/0.0958)0 .0024|0.0934/0.0813 

The basic width of flat at the root and crest of the i 40 |0. 125010 0048/0 . 1202/0. 1088 0 .0024/0. 1064/0 .0943 

_ . ee 5 32 |0.13 .0054/0. \0.1177|0.0027|0.1150|0.0997 

thread form is ane as follows: a © 8 32 |0.1640/0.0054/0. 1586/0. 1437/0 .0027|0. 1410/0. 1257 

F = % X p or 0.125 X p 4 a \0 1900/0 .0066/0 . 1834/0 . 1629 0 .0033/0. 1596/0. 1389 

aa nk ass q a 24 1|0.: ; . 2094/0. 1889/0 .0033/0 . 1856/0. 1649 

The basic depth of the thread form is found as fol % | 20 |0.2500/0.0072|0. 2428/0. 2175|0.0036|0.2139|0.1887 

lows: % | 18 |0.3125)0.0082|0.3043|0.2764|0.0041|0.2723|0.2443 

h = 0.649519 x p &% 16 |0.3750/0.0090|0. 3660/0. 3344/0 0045/0 .3299|0 2983 

: 0.008619 Ae 14 |0.4375/0 0008/0 4277/0. 3911/0 0049/0 .3862/0 3499 

649519 /n Mg q . 5000/0. 10. |0 4500/0 .0052|0. 4448/0 .4056 

_— % 12 |0.5625/0.0112\0. 5513/0. 5084/0 .0056'0. 5028/0 .4603 

e : 54 11 |0.6250|0.0118|0.6132|0.5660\0.0059|0.5601/0.5135 

n — number of threads per inch 34 10 |0.7500/0.0128/0.7372|0.6850\0 0064/0 .6786|0 .6273 

=<: mane ten tei %\| 9 |0.8750/0.0140/0.8610/0.8028|/0.0070|0.7958|0.7387 

p = piven in inches : i . 8 |1.0000\0 0152/0. 9848/0. 9188/0 .0076|0.9112)/0.8466 

A clearance shall be provided at the minor diameter 1% 7 1. 125010.0170)1 . 1080}1 .082310 .0085)1 .0887|0.9497 

: : 11. t j 1 .0085}1 . 1487|1 .0747 

of the nut by removing the thread form at the crest by 1% | 6 _ {1500010020211 4798/1 3917 0.0101|1.3816 1.2955 

an amount between one-sixth and one-fourth of the 1% 5 |1.7500/0 .0232|1 .7268/1 .6201/0 0116) 1 .6085/1 .5046 

basie theesd-depth 2. 44 2.0000) (0.025411. 9746) 1.8557 0.0127)1.8430)1.7274 

- , 2% 6|2.2500/0 0254/2. : 1057|0.0127|2 .0930|1.9774 

A clearance at the major diameter of the nut shall 244 | 4 |2. 5000/0. 0280/2. 4720|2 .3376|0 .0140|2 .3236|2.1933 

; . ae "a J an eet alt 0 3 234 4 |2.7500/0.0280|2.7220 2. 5876|0.0140|2. 5736/2 4433 

be provided by ecreasing the depth of the truncation 3 4 |3.0000/0.0280/2 .9720|2. 8376/0 .0140/2.8236|2.6933 
triangle any desired amount down to one-third of its 








~All dimensions in inches. _ ; ors 
theoretical value. 'SBasic diameter. 

‘ _ 1The tolerances specified for pitch diameter are cumulative and 
TABLE 2—BASIC DIAMETERS AND THREAD DATA FOR gyn he tet ke ol ai aera aa - 
7 s hg ‘ O intersection oO e€ worn too 
: THE CO ARSE-THREAD SERIES _ are with a centerline through crest and root. Minimum flat at 

—= | : at root equals 44 Xp. 
Basic | Basic Basic Basic a a 















































Thre Major | Pitch | Minor | Depth TABLE 0—BASIC DIAMETER AND THREAD DATA FOR 
| Dia- Dia- Dia- Pitch’ of THE FINE-THREAD SERIES 
Sizes tach | meter | meter meter (p) Thread — : ——— eee 
(r) (D) (BE) (K) (h) 
— a solace - | _~— Threads| Major af —- | Minor Basic 
1 64 | 0.0780 | 0.0629 | 0.0527 | 0.0156250 | 0.0101 per Diam- | Diam- | Diam- | Pitch’ Depth of 
2 56 0.0860 | 0.0744 | 0.0628 | 0.0178571 | 0.0116 Size| Inch | eter | eter | eter | Thread 
3 48 0.0990 | 0.0855 | 0.0719 | 0.0208333 | 0.0135 r D | i p h 
4 40 | 0.1120 | 0.0958 | 0.0795 | 0.0250000 | 0.0162 ——— 
5 40 | 0.1250 | 0.1088 | 0.0925 | 0.0250000 | 0.0162 0 80 0.0600 | 0.0519 | 0.0438 | 0.0125000 | 0.00812 
6 32 | 0.1380 | 0.1177 | 0.0974 | 0.0312500 | 0.0203 l 72 0.0730 | 0.0640 | 0.0550 | 0.0138889 | 0.00902 
8 | 32 | 0.1640 | 0.1437 | 0.1234 | 0.0312500 | 0.0203 2 64 0.0860 | 0.0759 | 0.0657 | 0.0156250 | 0.01014 
10 24 0.1900 | 0.1629 | 0.1359 | 0.0416667 | 0.0271 3 56 0.0990 | 0.0874 | 0.0758 | 0.0178571 | 0.01160 
12 24 | 0.2160 | 0.1889 | 0.1619 | 0.0416667 | 0.0271 4 48 0.1120 | 0.0985 | 0.0849 | 0.0208333 | 0.01353 
\y ; 20 | 0.2500 | 0 2175 | 0.1850 | 0.0500000 | 0.0325 5 44 0.1250 | 0.1102 | 0.0955 | 0.0227273 | 0.01476 
“%| 18 | 0.3125 | 0.2764 | 0.2403 | 0.0555556 | 0.0361 6 40 0.1380 | 0.1218 | 0.1055 | 0.0250000 | 0.01624 
%| 16 | 0.3750 | 0.3344 | 0.2938 | 0.0625000 | 0.0406 8 36 0.1640 | 0.1460 | 0.1279 | 0.0277778 | 0.01804 
1%} 14 0.4375 | 0.3911 | 0.3447 | 0.0714286 | 0.0464 10 32 0.1900 | 0.1697 | 0.1494 | 0.0312500 | 0.02030 
4 13 0.5000 | 0.4500 | 0.4001 | 0.0769231 | 0.0500 12 28 0.2160 | 0.1928 | 0.1696 | 0.0357143 | 0.02319 
% 12 0.5625 | 0.5084 | 0.4542 | 0.0833333 | 0.0541 yy 28 0.2500 | 0.2268 | 0.2036 | 0.0357143 | 0.02319 
5% 11 | 0.6250 | 0.5660 | 0.5069 | 0.0909091 | 0.0590 a) 24 0.3125 | 0.2854 | 0.2584 | 0.0416667 | 0.02706 
a4 | 10 0.7500 | 0.6850 | 0.6201 | 0.1000000 | 0.0650 % 24 0.3750 | 0.3479 | 0.3209 | 0.0416667 | 0.02706 
% | 9 | 0.8750 | 0.8028 | 0.7307 | 0.1111111 | 0.0722 i% 20 0.4375 | 0.4050 | 0.3725 | 0.0500000 | 0.03248 
1 | s | 1.0000 | 0.9188 | 0.8376 | 0.1250000 | 0.0812 4% 20 0.5000 | 0.4675 | 0.4350 | 0.0500000 | 0.03248 
1% 7 | 1.1250 | 1.0322 | 0.9394 | 0.1428571 | 0.0928 "g 18 0.9625 | 0.5264 | 0.4903 | 0.0555556 | 0.03608 
1% 7 | 1.2500 | 1.1572 | 1.0644 | 0.1428571 | 0.0928 y 18 0.6250 | 0.5889 | 0.5528 | 0.0555556 | 0.03608 
1% 6 | 1.5000 | 1.3917 | 1.2835 | 0.1666667 | 0.1083 A, 16 0.7500 | 0.7094 | 0.6688 | 0.0625000 | 0.04060 
1% 5 | 1.7500 | 1.6201 1.4902 | 0.2000000 | 0.1299 % 14 0.8750 | 0.8286 | 0.7822 | 0.0714286 | 0.04640 
2 } 4% | 2.0000 | 1.8557 | 1.7113 | 0.2222222 | 0.1443 1 14 1.0000 | 0.9536 | 0.9072 | 0.0714286 | 0.04640 
2u | 4% 2.2500 2.1057 | 1.9613 | 0.2222222 | 0.1443 1% 12 1.1250 | 1.0709 | 1.0167 | 0.0833333 | 0.05413 
2% 4 2.5000 | 2.3376 | 2.1752 | 0.2500000 | 0.1624 1% 12 1.2500 | 1.1959 | 1.1417 | 0.0833333 | 0.05413 
23% 4 2.7500 | 2.5876 | 2.4252 | 0.2500000 | 0.1624 1% 12 1.5000 | 1.4459 | 1.3917 | 0.0833333 | 0.05413 
3 4 | 3.0000 | 2.8376 | 2.6752 | 0.2500000 | 0.1624 | 





_| 








Se ee sie atalino All dimensions in inches. 
“All dimensions in inches. This column is given to seven decimal places for computation 
wThis column is given to seven decimal places for computation purposes only. 
purposes only. 











TABLE 6—LOOSE FIT (CLASS 1) FOR NUTS IN THE 
TABLE 3—LOOSE FIT (CLASS 1) FOR NUTS IN THE FINE-THREAD SERIES!® 


COARSE-THREAD SERIES!! ee at — ‘ 5 








































































































j . Mini-| Prren Diameter | Muvor Diamerer 
Mini- Price DIAMETER Minor DIAMETER ,__ | Threads) mum |______ 
Threads| mum |____ erat pe SR Ee Size | per |Major| | l , “a, i 
Size per |Major Inch |Diam-| Mini- |Toler-| Maxi-} Mini- |Toler-| Maxi- 
Inch |Diam-|Mini- |Toler-| Maxi-| Mini- |Toler-| Maxi- eter” |mum?!jance®/ mum | mum | ance | mum 
12 18) 14| ST a 
PO WITS Se it rt me ret ees Se a 0 80 | 0.060|0 0519/0 .002410.054310. 046510 .001310 .0478 
1 | 64 |0.0730/0.0629)0.0026|0.0655/0.0561/0.0017/0.0578 1 72 | 0.073/0.0640/0 .0025)0 0665/0. 0.0015/0 .0595 
2 | 58 0.086010. 0744|0 .0028|0. 0772/0 .0667|0.0019/0.0686 | 64 | 0.086/0 .0759/0 .0026)/0.0785)0 .0691/0 .0017|0 .0708 
3 | 48 |0.0990/0.0855/0.0081/0 .0886)0 .0764/0 .0023/0.0787 3 56 | 0.099/0.0874/0 .0028)0 .0902/0 .0797/0 .0019/0 .0816 
4 | 40 |0.1120|0.0958/0.0034/0.0992|0.0849]0.0027/0.0876 4 48 | 0.112/0.0985)0 0031/0. 1016/0 0894/0 .0023/0 .0917 
5 | 40 |0.1250/0. 1088/0. 0034/0. 1122/0.0979]0.0027|0. 1006 5 44 0.125/0.1102/0 .0032/0.1134/0. 1004/0 .0025/0. 1029 
6 | 32 |0.1380/0.1177/0. 003810. 1215/0. 1042|0.0034/0. 1076 6 40 0.130)0.1218/0.0034/0.1252/0.1109/0.0027/0. 1136 
| ‘ 228 Ss 36 0.164/0.1460/0 .0036/0 . 1496/0. 1339/0 .0030/0 . 1369 
Ss 32 /|0.1640/0.1437/0.0038)0. 1475)0. 1302/0 .0034/0. 1336 < , 
10 24 |0.1900/0. 1629/0 .0046|0. 1675/0. 1449/0.0045|0. 1494 10 32 | 0.190/0. 1697/0. 003810. 17350 . 1562/0 . 0084/0. 1596 
12 | 24 0.2160) 0. 1889/0 .0046/0. 1935|0.1709/0. 0045/0. 1754 28 0.216 0. 1928/0 .0043/0.1971|0.1773 0.0089/0. 1812 
{ BE SN cS ee Priors 
All dimensions in inches. All dimensions it in inches 
This fit is recommended for nuts only in the numbered series. wT his fit is recommended for nuts only in the numbered sizes. 
12Basic diameter. Dimensions given are allowable only with tap *»Basic diameter. Dimensions given are allowable only with tap 
having theoretically sharp corners. Threaded hole must not reject having theoretically arp corners. Threaded hole must not reject 
correct basic ‘‘'Go” gage by interference with rounded roots due to correct basic ““Go’’ gage by interference with rounded roots due to 
worn tap. Minimum flat at root equals 1/24 x p. worn tap. Minimum flat at root equals 1/24 Xp. 
13Basic diameter. 21Basic diameter. ne ; ; ; 
“The tolerances specified for the pitch diameter are cumulative 22The tolerances specified for pitch diameter are cumulative and 


and include all errors of lead and angle. include all errors of lead and angle. 



























































All dimensions in inches. 

**Basic diameter. Dimensions given are allowable only with tap 
having theoretically sharp corners. Threaded hole must not reject 
correct basic “‘Go”’ gage + interference with rounded roots due to 
worn tap. Minimum flat at root equals 1/24 Xp. 

Basic diameter. 

The tolerances specified for pitch diameter are cumulative and 
include all errors of i d and angle. 





TABLE 8—MEDIUM FIT (CLASS 3) FOR SCREWS 
IN THE COARSE-THREAD SERIES 






































Masor DiaMETER | PrrcH DIAMETER | Maxi- 
Threads % mum’ 
Size | per | | |Minor 
Inch | Maxi- \Toler-| Mini- | | Maxi- |Toler-| Mini- |Diam- 
mum?4| ance | mum jmum*sjance?? mum | eter 
1 64 |0.0730 0.0038)0.« 0692/0 .0629)0.0014| 0.0615\0.0538 
2 56 |0.0860/0.0040/0.0820/0.0744|0.0015/0.0729/0.0641 
3 48 |0.0990/0.0044/0.0946/0.0855/0.0016/0.0839/0.0754 
+ 40 /|0.1120\0.0048/0.1072/0.0958|0.0017/0.0341/0.0813 
5 40 /|0.1250/0.0048/0. 1202/0. 1088/0.0017/0.1071|0.0943 
6 32 |0.1380/0.0054/0. 1326/0.1177|0.0019/0.1158|0.0997 
8 32 |0.1640/0.0054/0.1586|0.1437|0.0019/0.1418)0. 1257 
10 24 /|0.1900/0.0066/0.1834/0.1629/0.0024/0.1605/0.1389 
12 24 /|0.2160\0.0066/0.2094/0.1889|0.0024/0.1865|0. 1649 
yy 20 |0.2500/0.0072/0. 2428/0. 2175/0 .0026/0. 2149/0. 1887 
u% 18 |0.3125)/0.0082|0.3043/0.2764/0.0030/0.2734|0. 2443 
% 16 |0.3750/0.0090/0 . 3660/0 . 3344/0 .0032/0.3312/0.2983 
% 14 |0.4375\0.0098)0 .4277/0.3911/0.0036/0.3873/0.3499 
13 |0.5000/0.0104/0.4896/0.4500/0 .0037|0.4463/0.4056 
) 12 |0.5625/0.0112/)0. 5513/0. 5084/0.0040/0. 5044/0.4603 
8 11 |0.6250/0.0118)0.6132/0. 5660/0 .0042/0.5618/0.5135 
10 |0.7500\0.0128|/0.7372/0.6850)\0 .0045|0 .6805/0.6273 
% 9 |0.8750/0.0140/0.8610/0.8028)0.0049|0.7979|0.7387 
1 8 /|1.0000/0.0152/0.9848/0.9188/0.0054/0.9134/0.8466 
if 7 |1.1250/0.0170)1. 1030/1 .0322}0.0059) 1 .0263/0.9497 
1 7 |1.2500/0.0170)1 .2330)1.1572)/0.0059)1.1513/1.0747 
133 6 |1.5000\0.0202|1 .4798/1.3917/0.0071)1 .3846)1.2955 
1% 5 |1.7500)/0.0232)1.7268)1.6201/0.0082/1.6119)1. 5046 
2 434/2 .0000/0. 0254/1 .9746/1.8557/0.0089/1 . 8468/1 .7274 
2 4446/2 .2500/0.0254/2 . 2246/2 . 1057/0. 0089/2 .0968) 1.9774 
2 4 |2.5000/0.0280/2.4720)2.3376/0.0097/|2.3279)|2.1933 
2 4 |2.7500/0.0280|2.7220/2.5876/0.0097|2.5779)2 .4433 
3 4 |3.0000/0.0280)2.9720|2.8376/0.0097/2.8279) 2.6933 








All dimensions in inches. 

*Basic diameter. 

27Dimensions given are figured to the intersection of the worn 
tool arc with a centerline through crest and root. 

28The tolerances specified for pitch diameter are cumulative and 
include all errors of lead and angle. Minimum flat at root equals 
YG Xp. 






























































. 
Vol. XIV J anuary, 1924 No. 1 
THE JOURNAL OF THE SOCIETY OF AUTOMOTIVE ENGINEERS 
TABLE 7—FREE FIT (CLASS 2) FOR NUTS IN THE TABLE 9—MEDIUM FIT (CLASS 3) FOR NUTS IN THE 
COARSE-THREAD SERIES COARSE-THREAD SERIES 
Mini-| Prrcw DraMerer Minor DIAMETER |Mini-| Prrcw Diamerer | Muvor DiaMErer 
Threads} mum Threads} mum |____ s a 
Size eS Major Size per | Major} 

nch |Diam-| Mini- |Toler-| Maxi-| Mini- |Toler-| Maxi- Inch |Diam-) Mini- |Toler-| Maxi-| Mini- |Toler-| Maxi 

eter™ |mum*jance*) mum | mum | ance | mum | eter?® |mum®\ance*!| mum | mum | ance | mum 
1 64 /|0.0730/0.0629/0.0019/0.0648/0.0561|0.0017|0.0578 1 64 |0.0730/0.0629|/0.0014/0.0643/0.0561/0.0017/0.0578 
2 56 |0.0860/0.0744/0.0020)0. 0764|0 .0667|0. 0019/0. 0686 2 56 |0.0860/0.0744|0.0015/0.0759|0.0667 0.0019/0. 0686 
3 48 /|0.0990\0.0855/0.0022|0 .0877/0.0764|0 .0023/0.0787 3 48 /|0.0990/0.0855/0 .0016/0.0871/0.0764/0.0023/0.0787 
4 40 |0.1120)0.0958/0.0024/0 .0982/0 .0849/0 .0027/0.0876 4 40 /|0.1120\/0.0958/0.0017|0.0975)\0.0849/0.0027/0.0876 
5 40 /|0.1250/0.1088/0.0024/0.1112/0.0979|0.0027/0. 1006 5 40 |0.1250/0.1088/0.0017/0.1105/0.0979|0.0027/0. 1006 
6 32 |0.1380/0.1177|0.0027/\0. 1204/0. 1042|0.0034/0.1076 6 32 |0.1380)0.1177|0.0019/0. 1196/0. 1042/0. 0034/0. 1076 
8 32 /|0.1640\0.1437/0.0027/0. 1464/0. 1302/0.0034/0. 1336 8 32 |0.1640/0.1437/0.0019/0. 1456/0. 1302/0.0034/0. 1336 
10 24 |0.1900\0.1629 0.0033 0.1662/0.1449/0.0045/0.1494 10 24 |0.1900/0 1629)0 .0024 0.1653/0.1449|0.0045/0.1494 
12 24 |0.2160/0.1889/0.0033/0.1922\/0.1709/0.0045|0.1754 12 24 |0.2160/0.1889\0.0024/0.1913\0.1709)0.0045/0.1754 
y% 20 |0.2500\0.2175/0.0036/0.2211/0.1959|0.0054/0.2013 Ye 20 |0.2500/0.2175/0.0026/0.2201/0.1959/0.0054/0. 2013 
% 18 |0.3125\0.2764/0 .0041/0.2805)/0. 2524/0 .0060/0. 2584 1% 18 |0.3125/0.2764|0.0030/0.2794/0.2524/0.0060/0. 2584 
16 |0.3750\0.3344/0.0045|0.3389/0.3073|0.0068/0.3141 % 16 |0.3750)0.3344/0.0032/0.3376/0.3073)0.0068/0.3141 
% 14 |0.4375)0.3911/0.0049/0.3960/0. 3602/0 .0077|0.3679 1% 14 |0.4375/0.3911/0.0036/0.3947|0 .3602/0.0077|0.3679 
13 |0.5009/0.4500!0 .0052/0 .4552/0.4167/0.0084/0.4251 4% 13 |0.5000}0.4500/0.0037|0.4537/0.4167|0.0084/0.4251 
8 12 |0.5625/0.5084|0.0056/0.5140/0.4723/0.0090/0.4813 % 12 |0.5625)0.5084/0.0040/0.5124/0.4723/0.0030/0.4813 
11 |0.6250)0.5660/0.0059/0. 5719/0. 5266/0.0098/0. 5364 % 11 |0.6250 0. 5660/0 .0042/0.5702 0.5266/0.0098/0. 5364 
4, 10 |0.7500/0.6850/0 .0064/0.6914/0.6417/0.0109|0.6526 a4 10 |0.7500)0.6850/0 .0045|0.6895/0 .6417|9 .0109/0.6526 
K 9 |0.8750)0.8028/0.0070/0.8098/0. 7547/0 .0120/0 . 7667 K% 9 |0.8750/0.8028/0.0049/0.8077|0.7547/'9.0120/0. 7667 
1 8 |1.0000/0.9188)0.0076/0.9264/0.8647/0.0135|0.8782 1 8 /|1.0000/0.9188)0.0054/0. 9242/0. 8647/0.0135|0.8782 
1 7 |1.1250)1.0322/0.0085)1.0407/0.9704/0.0154/0.9858 1 7 j1.1250)1.0322) 0.0059) 1 .0381|0.9704 0.0154/0.9858 
1 7 |1.2500/1.1572)0.0085)1 . 1657|1 .0954/0 .0154|1.1108 1 7 iil 2500) 1. 1572/0.0059) 1. 1631/1 .0954/0.0154)1.1108 
1 6 |1.5000)1.5917/0.0101/1.4018/1.3196/0.0180)1 .3376 1 6 /|1.5000\1.3917|0.0071/1.3988)1.3196/0.0180|1.3376 
1 5 |1.7500)1.6201/0.0116)1.6317|1.5335)0.0216)1.5551 13% 5 |1.7500/1.6201/0.0082|1.6283/1.5335/0.0216|1.5551 
2 4344/2 .0000/1 .8557|0.0127/|1. 8684/1 .7594/0 .0241/1.7835 2 4%/2.0000) 1 .8557/0.0089) 1. 8646/1. 7594\0. 0241/1 .7835 
3x6 444/|2.2500/2.1057|0.0127/2. 1184/2 .0094/0.0241/2.0335 2% 414/2.2500/2.1057/0.0089)2. 1146/2. 0094/0 .0241 2.0335 
2 4 2.5000) 2 .3376)0 0140/2 .3516/2.2294 0.0270|2.2564 2% 4 |2.5000|2.3376|0.0097|2.3473)2.2294/0.0270/2. 2564 
2% 4 |2.7500|2.5876/0.0140}2.6016)|2.4794/0.0270|2. 5064 234 | 4 \2 7500) 2. 5876/0.0097/|2.5973|2.4794/0.0270|2. 5064 
3 a paoeee gama 0.0140) 2.8516 Skok satan 2.7564 3 } 4 ieee cee 0.0097/|2 .8473)|2.7294| - — 7564 








All dimensions in inches. 

29Basic diameter. Dimensions given are allowable only with tap 
having theoretically sharp corners. Threaded hole must not re- 
ject correct basic ‘‘Go"’ gage by interference with rounded roots due 
to worn tap. Minimum flat at root equals 1/24 Xp. 

*»Basic diameter. 

31The tolerances specified for pitch diameter are cumulative and 
include all errors of lead and angle. 





TABLE 10—CLOSE FIT (CLASS 4) FOR SCREWS IN THE 
COARSE-THREAD SERIES 





















































Masor DIAMETER Prrcu Diameter | Maxi- 
aa St Sree: —_ 
Size per inor 
Inch | Maxi-|Toler-| Mini- Maxi- |Toler- Mini- |Diam- 
mum; ance | mum | mum jances mum | eter 
1 64 |0.0730 0.0038/0 0692! 0.0630/0.0007|0.0623/0.0538 
2 56 |0.0860/0.0040/0.0820!0 .0746/0.0007/0 .0739/0.0641 
3 48 |0.0990\0.0044/0 .0946/0.0857)|0.0008/0 .0849/0 .0754 
4 40 0. 1250]0:0048|0. 120210: 109010.000010. 1081 Seen 
5 40 |0.1250\0.0048)0.1202/0.1 \0.0009/0.1081/0. 3 
6 32 |0.1380/0.0054/0.1326/0.1179/0.0010/0. 1169|0.0997 
8 32 |0.1640/0.0054/0. 1586/0. 1439/0. 0010|0. 1429/0 .1257 
10 24 0. 1900/0 0066/0. 1834/0. 1632/0 0012/0. 1620/0 .1389 
12 24 |0.2160/0.0066 0. 2094/0. 1892/0. 0012/0.1880/0.1649 
ye 20 |0.2500/0.0072/0.2428/0.2178/0.0013/0.2165|0. 1887 
L) 18 /|0.3125/0.0082/0.3043/0. 2767)0. 0015/0.2752'0.2443 
8 16 |0.3750/0.0090/0. 3660/0. 3348/0. 0016/0. 3332/0 .2983 
| is eae cna ea sete un ac ae 
% 12 0.5625/0.0112/0.5513 0. 5089/0 .0020/0 . 5069/0 .4603 
“3 11 |0.6250)0.0118) (0.6132/0. 566 5|0.0021/0. 5644 0.5135 
4% 10 |0.7500/0.0128|0.7372\0 6856/0 .0023/0 . 6833/0 .6273 
Re ee a a a eg. ee 
1 8 /|1.0000/0.0152)0. . 10.00% $ 
1% 7 |1.1250/0.0170)1. 1080) 1 .0330/0 .0030) 1 .0300 0.9497 
1% 7 1 .2500|0 .0170)1 .2330) 1 . 1580/0 .0030)1 . 1550) 1 .0747 
1% 6 /|1.5000/0.0202)1.4798)/1 .3926/0.0036)1 .3890) 1.2955 
1% 5 1. 7500/0 .0232)1 .7268)1.6211/0.0041 1.6170)1 .5046 
sc | SAE SR a Sra at ea at 
2% 4 |2.5000/0.0280)|2.4720/2.3389/0.0048/2.3341/2.1933 
23% 4 |2.7500/0.0280)2.7220)2.5889/0.0048/2. 5841/2 .4433 
3 4 ae Soak 4 — 8389)0.0048/2.8341/2.6933 


All dimensions in inches. 

®Basic diameter. 

The tolerances specified for pitch diameter are cumulative and 
include all errors of lead and angle. 

“Dimensions given are figured to the intersection of the worn 
tool arc with a centerline through crest and root. Minimum flat at 
root equals \% Xp. 
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TABLE 11—CLOSE FIT (CLASS 4) FOR NUTS IN THE 
COARSE-THREAD SERIES 



























































Mini- Pirca DIAMETER | Minor DIAMETER 
Threads} mum | 

Size per |Major l l 
Inch |Diam-| Mini- |Toler-| Maxi-| Mini- |Toler-| Maxi- 
eter |mum*/ance*®7; mum | mum | ance | mum 
yy 20 0..2500|0.2175|0.0013|0.2188|0. 1959/0 .0054 0.2013 
u% 18 |0.3125)0.2764/0.0015)0. 2779/0 . 2524/0 0060/0. 2584 
% 16 |0.3750/0.3344/0.0016|0 .3360/0 .3073|0.0068/0.3141 
4 14 |0.4374/0.3911|/0.0018)/0 .3929/0 .3602/0 .0077|0. 3679 
44 13 |0.5000/0.4500/0 .0019|0.4519/0 .4167/0.0084/0.4251 
% 12 |0.5625/0.5084|0.0020/0. 5104/0 .4723/0.0090/0.4813 
5 11 |0.6250/0. 5660/0 .0021/0. 5681/0. 5266/0 .0098/0. 5364 
% 10 |0.7500/0.6850/0 .0023|/0.6873/0 .6417/0.0109/0.6526 
y 9 |0.8750/0.8028 0 .0024/0.8052|0.7547|0.0120/0.7667 
1 8 |1.0000/0.9188/0.0027|0.9215\0. 8647/0 .0135/0 .8782 
1% 7 |1.1250)1.0322/0.0030)1 .0352|0 .9704|0.0154/0.9858 
1% 7 |1.2500)1.1572/0.0030)1 .1602|1 .0954|0.0154/1.1108 
1% 6 /|1.5000)1 .3917|0 0036) 1 . 3953/1 .3196|0.0180 1.3376 
1% 5 |1.7500)1.6201\0.0041/1 .6242/1 .5335)0 .0216)1.5551 
2 4144/2 .0000)1 . 8557/0 .0044/1. 8601/1 .7594/0 .0241/1.7835 
2% 444|2.2500|2 . 1057/0 .0044|2.1101|2 .0094/0.0241|2.0335 
2% 4 |2.5000)2.3376|0.0048/2.3424/2 .2294/0.0270|2.2564 
2% 4 |2.7500/2.5876)\0.0048|2.5924/2 4794/0 0270/2. 5064 
3 4 {3. sheds phone: cones 2.7294/0.0270|2.7564 





All dimensions in inches. 

*%Basic diameter. Dimensions given are allowable only with tap 
having theoretically sharp corners. Threaded hole must not re- 
ject correct basic ‘‘Go”’ gage by interference with rounded roots due 
to worn tap. Minimum flat at root equals 1/24 Xp. 

*Basic diameter. 

7The tolerances specified for pitch diameter are cumulative and 
include all errors of lead and angle. 


TABLE 12—MEDIUM FIT (CLASS 3) FOR SCREWS IN 
THE FINE-THREAD SERIES 











| Masor DIAMETER Prrcs DIAMETER 









































} Maxi- 
Threads mum 

Size r | Minor 
nch | Maxi-/Toler-| Mini- | Maxi-|Toler-| Mini- |Diam- 

mum*| ance | mum |mum*jance®/ mum | eter‘ 

0 80 |0.0600/0.0034/0 .0566/0.0519|0.0013 0.0506/0.0447 
1 72 |0.0730\0.0036/0 .0694/0 .0640|0.0013/0.0627/0.0560 
2 64 /|0.0860/0.0038)/0.0822/0.0759|0.0014/0.0745/0.0668 
3 56 0.0990/0 .0040/0 .0950 0 .0874/0.0015}0.0859/0.0771 
4 48 |0.1120)0.0044/0.1076/0.0985/0.0016/0 .0969/0.0864 
5 44 |0.1250/0.0046/0.1204/0.1102/0.0016/0.1086/0.0971 
6 40 /|0.1380\0.0048/0.1332\0.1218|/0.0017|0.1201|0.1073 
8 36 |0.1640/0.0050/0. 1590/0. 1460/0 .0018/0.1442/0.1299 
10 32 |0.1900/0.0054/0. 1846/0. 1697/0 .0019/0.1678|0.1517 
12 28 |0.2160/0.0062/0. 2098/0. 1928/0.0022/0. 1906/0. 1722 
\ 28 /|0.2500/0.0062/0 .2438/0.2268/0 .0022/0 .2246|0. 2062 
% 24 |0.3125/0.0066/0 .3059)\0. 2854/0 .0024|0 .2830/0.2614 
% 24 |0.3750\0.0066/0 .3684/0.3479)/0 .0024/0 .3455/0.3239 

UJ 20 |0.4375|0.0072)\0.4303/0.4050/0 .0026/0 .4024/0.3762 
20 |0.5000\0.0072/0.4928/0 .4675/0.0026/0 .4649/0 .4387 

% 18 |0.5625/0.0082/0. 5543/0. 5264/0 .0030/0 . 5234/0 .4943 
5 18 |0.6250/0.0082/0.6168/0. 5889/0 .0030/0 . 5859/0. 5568 
% 16 |0.7500)0.0090|0.7410/0.7094/0 .0032|0 .7062/0.6733 
% 14 |0.8750)0.0098/0. 8652/0. 8286/0 .0036|0.8250/0.7874 

1 14 |1.0000\0.0098)/0 . 9902/0 . 9536/0 .0036 0.9500|0.9124 
1% 12 1.1250/0.0112)1 . 1138}1 .0709)0 .0040)1 .0669/ 1.0228 
1% 12 |1.2500)0.0112)1 .2388)1 . 1959/0 .0040/1 .1919)1 .1478 
1% 12 1. 5000/0 .0112|1 .4888}1 . 4459/0 .0040)1 .4419)1 .3978 


All dimensions in inches. 

Basic diameter. 

**The tolerances specified for pitch diameter are cumulative and 
include all errors of lead and angle. 

49Dimensions given are figured to the intersection of the worn 
tool arc with a center line through crest and root. Minimum flat 
at root equals 1/24 Xp. 


DIMENSIONAL TOLERANCES 


Appreciating the importance of proper dimensioning and 
expression of tolerances in connection with dimensional stand- 
ards, the Council appointed a special committee early last 
year to establish a guide to uniform practice. Earle Buck- 
ingham, chairman of the special committee, prepared a com- 
prehensive review of the situation with regard to present 
practice in this connection, together with a definite recom- 
mendation which was approved by the other members of his 
Committee. This review was printed in the October, 1923, 
issue of THE JOURNAL, on p. 339. 

At our September meeting this review was carefully dis- 
cussed and it was considered desirable that the Screw-Threads 
Division should propose the accompanying method of express- 
ing tolerances for all S.A.E. Standards, based on Mr. Buck- 
ingham’s recommendation, for publication in the S.A.E. 
HANDBOOK, as General Information. As stated in Mr. Buck- 
ingham’s original review, the subject of tolerances is now 
being widely discussed in the United States and abroad, par- 
ticularly with reference to the use of the unilateral or the 
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TABLE 13—MEDIUM FIT (CLASS 3) FOR NUTS IN THE 
FINE-THREAD SERIES 















































— Mini-| Prrcnw Diameter | Murunor DIAMETER 
reads} mum 
Size r |Major i 
tab Diam-| Mini- |Toler-| Maxi- | Mini- |Toler-| Maxi- 
eter! |mum*2jance*?|} mum | mum | ance | mum 
0 80 |0.0600/0.0519)0 .0013|0 .0532/0 .0465/0 .0013)0 .0478 
1 72 |0.0730\0.0640/0 .0013/0.0653/0 .0580\0.0015)0.0595 
2 64 0 .0860/0 .0759/0.0014 0 .0773/0 .0691/0 .0017|0.0708 
3 56 |0.0990/0.0874/0.0015)0.0889/0 .0797/0 .0019/0 .0816 
4 48 /|0.1120)0.0985/0.0016/0. 1001/0 .0894/0.0023)0 .0917 
5 44 /|0.1250/0.1102|0.0016/0.1118/0.1004/0.0025|/0. 1029 
6 40 |0.1380/0.1218/0.0017/0.1235|0.1109|0.C027/0.1136 
8 36 |0.1640/0.1460|0.0018/0. 1478/0. 1339/0 .0030/0.1369 
10 32 |0.1900/0.1697|0.0019|0.1716|0. 1562/0.0034/0. 1596 
12 28 |0.2160/0.1928/0.0022/0.1950/0. 1773/0 .0039/0.1812 
\4 28 |0.2500/0.2268/0 .0022/0 .2290/0 .2113/0.0039/0.2152 
5% 24 |0.3125/0.2854/0.0024/0. 2878/0. 2674\0.0045/0.2719 
3 24 |0.3750\0.3479/0.0024/0.3503/0.3299|0.0045/0.3344 
AG 20 |0.4375/0.4050/0 .0026/0 .4076/0 . 3834/0 .0054/0.3888 
20 |0.5000/0.4675)0 .0026/0.4701/0.4459/0.0054/0.4513 
% 18 5 ooenie ae OOo -eetele conaie’ geaae tres 
% 18 |0.6250)/0. 9/0 .0030/0 .591 ; .0060)0. 
% 16 |0.7500/0.7094/0.0032/0.7126/0 .6823/0.0068/0.6891 
% 14 0.8750|0.8286/0 .0036)0 .8322|0.7977 0.0077/0.8054 
1 14 /|1.0000)0.9536/0.0036/0.9572/0.9227/0.0077|0.9304 
1% 12 |1.1250/1.0709)0.0040) 1 .0749/1 .0348/0 .0090) 1.0438 
1% 12 1.2500}1 . 1959/0 .0040/1 . 1999/1 . 1598/0 0090/1 . 1688 
1% 12 |1.5000/1.4459)0 .0040) 1.4499) 1 .4098/0.0090)1.4188 


All dimensions in inches. : 

‘1Basic diameter. Dimensions given are allowable only with tap 
having theoretically sharp corners. Threaded hole must not reject 
correct basic “Go” ga: y interference with rounded roots due to 
worn tap. Minimum flat at root equals 1/24 Xp. 

42Basic diameter. : 

The tolerances specified for pitch diameter are cumulative and 
include all errors of lead and angle. 





bilateral system and their application to various standards 
that are in course of preparation. 


Proposed General Information for Dimensional Toler- 
ances 


Tolerances are necessary in commercial specifications 
only because of inability to produce absolutely identical 
parts. Tolerances should show the permissible amount 
of variation and the direction of such variation that is 
less dangerous. When a variation in either direction is 
equally dangerous, a bilateral tolerance should be given. 
When a variation in one direction is more dangerous 
than a variation in another, a unilateral tolerance 
should be given in the less dangerous direction. 

For non-mating surfaces, or atmospheric fits, the tol- 
erances may be bilateral or unilateral, depending en- 
tirely upon the nature of the variations that develop in 
manufacture. 

On mating surfaces, with but few exceptions, the tol- 
erances should be unilateral. 

The minimum hole should be of basic size in all cases 
where the use of standard tools represents the greatest 
economy. 

The maximum shaft should be of basic size in all 
cases where the use of standard purchased material 
without further machining, even though special tools 
are required to machine the mating part, represents the 
greatest economy. 

Where tolerances are required on the dimensions be- 
tween holes, usually they should be bilateral, as varia- 
tion in either direction is usually equally dangerous. 
The variation in the distance between shafts carrying 
gears, however, should always be unilateral and plus; 
otherwise the gears might run too tight. A slight in- 
crease in the backlash between gears is seldom of much 
importance, 

One exception to the use of unilateral tolerances on 
mating surfaces occurs when tapers are involved. In 
such cases either bilateral or unilateral tolerances may 
prove advisable, depending upon conditions. These 
should be determined in the same manner as the toler- 
ances on the distances between holes. When a variation 
either in or out of the position of the mating taper sur- 
faces is equally dangerous, the tolerances should be 
bilateral. When a variation in one direction is of less 
danger than a variation in the opposite direction, the 
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tolerance should be unilateral and in the less dangerous 
direction. 


METHODS OF EXPRESSING TOLERANCES 
The nominal dimension may be given as a decimal or 
a common fraction. 
When unilateral tolerances are used, one of the three 
following methods should be used to express them: 
(1) Specify limiting dimensions only as 
Diameter of hole, 2.250 
2.252 
Diameter of shaft, 2.249 
2.247 
(2) One limiting size may be specified with its 
tolerances, as 
Diameter of hole, 2.250-+-0.002 
—0.000 
Diameter of shaft, 2.249+-0.000 
—0.002 
(3) The nominal size may be specified for both 
parts, with a notation showing both allow- 
ance and tolerance, as 
Diameter of hole, 2%-+0.002 
—0.000 
Diameter of shaft, 24%4—0.001 
—0.003 
Bilateral tolerances should be specified as such, usu- 
ally with plus and minus tolerances of equal amount. In 
general, if a greater tolerance is permissible in one 
direction than in the opposite direction, it is very strong 
evidence that a bilateral tolerance is not the proper 
one. An example of the expression of a bilateral tol- 
erance is as follows: 


% +1/32 % +0.005 


CARRIAGE BOLTS 


The Division considered this subject in 1920 and formulated 
a tentative specification before the present Sectional Com- 
mittee on Bolt, Nut and Rivet Proportions, sponsored by the 
American Society of Mechanical Engineers and the Society 
was organized to handle the subject. The Division since that 
time has kept in close touch with the work through represen- 
tation on the Sectional Committee, and is therefore in a 
position to recommend for adoption, as Tentative American 
Standards, the accompanying carriage-bolt dimensions pro- 
posed in the report of the Sectional Committee. 








The work now in progress, and receiving the attention of 
the Division, is: 

(1) Specific applications of the Screw-Threads Specifi- 
cations to existing and future S.A.E. Standards 

(2) Study of Tire-Valve Screw-Threads 

(3) Checking of Spark-Plug Screw-Threads with ref- 
erence to limits and tolerances 

(4) Formulation of a specification for plain and slotted 
high nuts 


(5) Formulating a General Screw-Thread Specification 
E. H. EHRMAN, Chairman. 


TIRE AND RIM DIVISION REPORT 


In January, 1922, a spe- 
cial committee, consisting 
of representatives of the 
Rubber Association of 
America, the National Au- 
tomobile Chamber of Com- 
merce and the Society of 
Automotive Engineers pre- 
pared a report to the 
Standards Committee cov- 
ering a revised standard 
list of pneumatic tires and 
rims. This report was not 
acted upon at the January, 
1922, meeting of the 
Standards Committee, 
however, because it was 
withdrawn upon the re- 
quest of a committee of 
representatives of tire 
companies, just prior to 
the time of Standards Committee Meeting to allow that com- 
mittee time to prepare and submit to the Society a recom- 
mendation that it thought would represent desired practice 
for a longer time to come. 

As no report was received from the committee since that 
time the Society has endeavored to determine upon a stand- 
ardization procedure that would be satisfactory to the various 
organizations interested in tire and rim matters. Believing 
that it would be advisable for the Society to have a Division 
that might represent the tire users in tire standardization 
matters in the meantime, the Tire and Rim Division was re- 
appointed in April, 1922. 





Proposed S.A.E. Standard and American Standard for Carriage Bolts 
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Although no agreement has been reached as to standardiza- 
tion procedure in tire and rim matters outside of the regular 
Society standardization procedure, the Tire and Rim Division 
has considered it vitally necessary to revise the most im- 
portant tire and rim standards now contained in the S.A.E. 
HANDBOOK. At a meeting held last September in Cleveland, 
all of the existing tire and rim standards were reviewed and 
definite revisions thereof suggested. In many cases it has 
been considered desirable to revise the S.A.E. Standards 
and Recommended Practices to conform to the standards of 
the Tire and Rim Association of America, especially in the 
case of those standards that relate to details of design that 
do not affect interchangeability of tires, rims and wheels. 


PNEUMATIC TIRES 


A review of the recommendation made by the Division in 
January, 1922, indicates that, with the addition of 31 x 4-in. 
size without an oversize, the list would include enough of the 
large-production sizes to provide a suitable range for prac- 
tically all passenger-car requirements. The present standard 
thus revised is given in the accompanying table. 


Proposed S.A.E. Standard of Pneumatic Tires 


Nominal Rim) Nominal Tires |Tire-Seat 

Dia- 

Type meter, 
Size | Type | Regular Oversize In. 
30x314| C | 30x34! 31x4 23 
30x34; SS | ipaek 31x4 | 23 
Passenger |31x4 SS | 31x4 aad 23 
Cars (|32x4 | SS 32x4 33x44) 24 
32x44; SS 32x44) 33x5 23 
34x414) SS 34x44; 35x5 25 
\34x5 SS 34x5 36x6 24 
Motor /36x6 SS 36x6 38x7 2: 
Trucks (38x7 SS 38x7 40x8 24 
0x8 | SS | 40x8 | 42x9 24 
44x10 | SS 44x10 24 


C—Clincher Type. 
SS—straight-Side Type 


PNEUMATIC-TIRE RIMS 

As the present S.A.E. Standard for Pneumatic-Tire Rim- 
Sections pertains only to interchangeability of tires and rims, 
it has been considered advisable to revise the standard to 
agree with the standard dimensions of the Tire and Rim As- 
sociation of America. The revisions necessary to obtain 
agreement of these standards are few in view of the fact 
that the present S.A.E. Standard was developed in coopera- 
tion with the Tire and Rim Association. 

The dimensions revised as proposed are given in the ac- 
companying tables, but it should be noted that the dimensions 
for the S.A.E. Standard tire-valve hole in passenger-car 
rims are retained unchanged as no corresponding standard 


has been adopted by the Tire and Rim Association of 
America. 


Revised S.A.E. Standard for Pneumatic-Tire Rim-Sec- 
tions Proposed by Tire and Rim Division 
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Nominal Rim Sizes, In. | Toler- 
—— ——— | ances, 
3% 4 | 4% In. 
A 3.432 | 3.888 | 4.3890 | 
B | 2.313 | 2.688 | 3.120 | 0.063 
Cc 0.560 | 0.600 | 0.630 | 
D | 1.1586 | 1.344 | 1.560 | es 
-E | 0.031 | 0.031 | 0.031 | 
. a ] 40.047 
F 0.687 | 0.780 | 0.875 | —0.016 
G | 0.367 | 0.440 | 0.495 > 
H 0.199 | 0.245 | 0.303 
T | 0.188 | 0.188 | 0.188 
| 0.250 [0.250 | 0.313 | 
K | 0.406 | 0.406 | 0.406 i 
L 0.937 | 0.937 | 0.937 | 
M 0.125 | 0.12% | 01% | 
| | 40.047 
N 0.510 | 0.560 615 | —0.016 
O 0.320 | 0.340 | 0.380 | 
P 0.840 | 0.840 | 1.09 | 
~Q@ | 0.094 | 0.004 | 0.008 | 
ipv tl &® 23,24 | 23,25 | 
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Nominal Rim Sizes, In. Tole- 

5 te 1 8:2 8 a 

A | 3.750 | 4.330 | 5.000 | 6.000 “7.330 |+0.093 

B | 0.780 | 1.000 | 1.000 | 1.250 | 1.500, 

C | 1.063 | 1.266 | 1.266 | 1.500 | 2.000 |+0.125 

D | 1.875 | 2.165 | 2.500 | 3.000 | 3.665 | - 
E | 0.094 | 0.140 | 0.140 | 0.150 | 0.188 

F | 0.625 | 0.719 | 0.719 | 0.875 | 1.250; 

G | 0.250 | 0.250 | 0.250 | 0.313|0.313| 

H | 24.00 | 24.00 | 24.00 | 24.00 24.00 am 
‘ SOLID-TIRE DEMOUNTABLE RIMS 


The present S.A.E. Recommended Practice for Solid-Tire 
Demountable Rims, which was adopted in 1918 as a conse- 
quence of standardization work for military equipment, has 
been continued in the S.A.E. HANDBOOK during the last few 
years owing to the fact that some special equipment was 
made in accordance therewith. As such rims are now obso- 
lete, it is proposed that this standard be cancelled. 





sles maladjustment between farm prices and prices of 
other things can be cured (a) by bringing other com- 
modity prices down, (b) by bringing the prices of farm 
products up, or (c) by a combination of the two. The first 
method would involve legislation repealing tariff and immi- 
gration laws. Very few indeed of our citizens, if this 
responsibility were placed directly upon their shoulders, 
would have the boldness to apply such an upsetting remedy 
in the present unbalanced condition of the world. Such 
action would no doubt mean an inflow of manufactured goods 
from adverse exchange and low labor-cost countries at prices 
that during a long period of readjustment might mean a 
crushing shock to American industry. At any rate, it would 
surely deal a severe blow to our present prosperity, and we 
might soon find ourselves in somewhat the present position 
of the United Kingdom. Industrial unemployment from 
which we are now fortunately free would inevitably be 
greatly increased. Both during the transition period and 
later, a great inflow of labor from foreign countries would 
take place. Until a deranged Europe is able to put her 
house in better order, such measures on our part would seem 
equivalent to going into “voluntary demoralization.” A 
prosperous America can certainly be more helpful than an 
unprosperous one. 
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VALVE-HOLE SLOTS 











Nominal Present Slot |Max. Permissible 
Rim Size Lengths A | Slot Lengths B 
5 34 113 A 
6 1% 25% 





10 2% 4l4 


DEFLECTION AND SET TEST FOR PNEUMATIC-TIRE RIMS 


As the present S.A.E. Standard for Deflection and Set 
Test for Pneumatic-Tire Rims is of use only in rim manufac- 
ture, it should not be continued in the S.A.E. HANDBOOK as 
an S.A.E. Standard. It is therefore recommended that this 
standard be cancelled. 


J. G. VINCENT, Chairman. 


THE WHEAT SITUATION 


Taking as a general index basis of 100 the average whole- 
sale prices of a large and representative list of commodities 
covering the 10-year period from 1905 to 1914 and comparing 
with it the average prices of the last 3 years, we find the 
following values for the month of September for the years 
1921, 1922 and 1923: 150.6, 163.5, and 164.5 respectively. 

During the same period, 1904 to 1915, the weighted money- 
price of wheat, obtained by averaging No. 2 Red and No. 1 
Northern Spring, was 0.978. In other words, in the com- 
posite of all values for the 10-year period, wheat averaged 
97.8 cents. Had it advanced comparably with all other 
commodities, the average price in September, 1923, would 
have been $1.609. Asa matter of fact, it was $1.102. 

This difference symbolizes the trouble with the wheat situa- 
tion. If wheat enjoyed anything like a parity with the price 
level for other commodities, no complaint would be heard 
from the wheat grower. In this connection it is worthwhile 
to remember that the general index basis and the 1923 index 
value of $1.609 included farm products, foods, cloths and 
clothing, as well as fuel and light, metal and metal products, 
building materials, chemicals and drugs, house furnishing 
goods and a number of miscellaneous commodities like cattle 
feeds, leather, paper and pulp.—C. J. Brand, in Journal of 
American Bankers Association. 
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Crankease-Oil Dilution 





By E. F. Hawocx! 





RESENT-DAY fuels are stated to be the cause of 
crankcase-oil dilution, due to their high end-points, 
and the author presents tabular data to show how end- 
points have risen since 1910, together with data show- 
ing the effects of various percentages of fuel dilution 
with relation to the Saybolt viscosities and pour-points 
of high-grade oils. Three divisions are made of the 
dilution due to mechanical defects. Contamination, not 
dilution, necessitates oil drainage, and this statement 
is elaborated. The rise of heavier-bodied oils is decried. 
Six specific divisions of how to avoid crankcase-oil 
dilution are made and emulsification is discussed, to- 
gether with demulsibility and crankcase service. Five 
specifications are made with regard to how to avoid oil- 
sludging, and carbonization is given lengthy considera- 
tion. Proper oil-specification is treated, and instruc- 
tions on how to avoid oil-pumping-and carbon deposit 
are presented in eight divisions. Why education is 
needed on the three subjects of how to prevent crank- 
case-oil dilution, avoidance of oil-sludging and preven- 
tion of oil-pumping and carbon formation is explained 
in conclusion. 


NLY a few years ago, crankcase-oil dilution was 
() practically an unknown and unconsidered sub- 

ject. Today it is, without exception, the most 
vital matter in the category of automotive operation and 
maintenance. The reason for this condition is simple, 
present-day fuels. The end-point of average fuels for 
the past few years has gradually risen as indicated by 
the figures in Table 1, which are typical of average fuels 
as supplied to service-stations. 





TABLE 1—FUELS TYPICAL OF THE AVERAGE QUALITY 
SUPPLIED TO SERVICE-STATIONS 


Year End-Point, Deg. Fahr. 
1910 320 
1912 350 
1914 390 
1918 400 
1922 427 
1923 438 





This high end-point, that is, the intensity of heat 
necessary to boil off the heaviest portions of the fuel, 
renders complete evaporation of the fuel a practical im- 
possibility except in the case of engines operating at a 
constant high temperature. 

The appearance of fuel in the crankcase oil is not due 
to the condensation of vaporized fuel in the combustion- 
chamber. It is raw fuel that has never been vaporized. 
Research has shown that mixtures of vaporized fuel and 
air, within the combustible proportions, will remain 
stable without precipitation at the temperature of the 
mixture in the cylinders. 

The foregoing substantiates the conditions found in 
servce. In the summer operation of automobiles and in 
continually hot operating-units the crankcase-oil dilution 
ig nominal, averaging somewhere around 10 per cent. 
In winter driving, with its periods of frequent idling 
and generally excessive use of the choke, it is not unusual 
to find from 25 to 30-per cent dilution after 200 miles 
of operation or less. Some extreme cases have come to 





1Manager, manufacturers’ service division, 


Vacuum Oil Co., 
Rochester, N. Y. 
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the attention of our laboratory in which the figure was 
nearer 40 per cent. 

The serious effect of the admixture of raw fuel in 
impairing the lubricating quality of the crankcase oil is, 
of course, too well known by all people connected with 
the automotive industry to require much comment. The 
figures in Table 2 show the effects of various percentages 
of fuel dilution with relation to the Saybolt viscosities 
and pour-points of some high-grade oils 





TABLE 2—EFFECTS OF VARIOUS PERCENTAGES OF FUEL DILU- 
TION WITH RELATION TO THE SAYBOLT VISCOSITIES AND POUR- 
POINTS OF HIGH-GRADE OILS 





























Viscosity, Saybolt Sec. 
Percen- Flash- | ot ore 
tage of Point, | Point, | r 
Fuel Deg. Deg. 104 140 | 210 
Fahr. Fahr. Deg. Deg. Deg. 
Fahr. Fahr. Fahr. 

acemnnenatl A . ise: 
Fresh Oil | 375 | 10 254 105 48 
2.5 310 5 205 92 47 
4 2 oe 5 183 87 46 
7.5 5 162 79 45 
10.0 0 145 72 43 
12.5 ie 0 125 66 42 
15.0 205 0 108 61 41 
17.5 = 99 58 40 
20.0 0 90 54 39 
25.0 0 74 50 38 
Fresh Oil 375 20 500 175 58 
2.5 310 | 15 398 147 54 
5.0 | ays 15 328 124 51 
7.5 15 264 112 49 
10.0 { Ye 225 99 46 
12.5 | far. 5 192 98 45 
15.0 | 205 5 164 79 44 
17.5 Vat 0 148 71 43 
20.0 | 0 135 64 41 
25.0 | 0 102 61 40 








From Table 2 it will be seen that even 15 per cent of 
fuel has the effect of reducing the oil body by an amount 
equal to a 40-deg. rise in temperature above 104 deg. 
fahr., and a 25-per cent fuel-content thins the body as 
much as a 70-deg. increase in temperature of fresh oil 
above 140 deg. fahr. 

The effects of fuel dilution vary with oils of different 
grades and characteristics, and similar variations are 
noted in the matter of sludge formation. Other causes 
of dilution due to mechancial defects, and more difficult 
of detection, are as follows: 

(1) Scored cylinders or poor-fitting rings and pistons 
(2) Poor ignition due to dead or fouled spark-plugs, 
incorrect timing or a weak electrical circuit 
(3) Incomplete combustion of the fuel due to an over- 
rich carbureter adjustment, a flood of raw gaso- 
line caused by the choke or a restricted air- 
intake to the carbureter or failure to provide a 
suitable radiator-cover to allow the engine to 

run warm 

The impression is prevalent that the real danger under- 
lying the dilution of the crankcase oil is the loss of 
lubricating value of the oil itself. For the purpose of 
emphasizing to the owner the necessity for frequent 
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crankcase drainage, we are entirely content to have this 
impression prevail. However, technically, it is not 
strictly correct. 

Those of us who have studied the problem intently 
and intensively are agreed that an engine in service will 
acquire dilution to a limited extent which will vary with 
the kind of service, the engine characteristics, the con- 
dition of the engine and a host of other variables. But 
beyond that limit any further fuel reaching the crank- 
case is driven off. We strike a balance, an equilibrium. 
Speaking in averages, this will be from 10 to 15 pe. 
cent of fuel dilution in summer and from 20 to 30 per 
cent in winter; rarely much over 45 per cent even in 
extreme cases. 


CONTAMINATION, Not DILUTION, 


DRAINAGE 


NECESSITATES OIL 


Such thinning-out of the crankcase oil rouses many 
misgivings. But, mind you, we are recommending and 
successfully using for the lubrication of two-stroke-cycle 
marine-engines a mixture comprising only 1 part of 
cylinder oil to 40 parts of this same gasoline; 1 pt. of oil 
to 5 gal. of gasoline! These engines are not pampered. 
For the most part they are used in fishing dories where 
they get hour after hour of practically full-load service, 
day in and day out. And we are using in little high- 
speed, air-cooled, two-stroke motorcycle-engines mixtures 
of oil and fuel never more concentrated than 1 part in 8, 
more often on the order of 1 part in 12 or 1 part in 16, 
and the resulting lubrication is anything but faulty. 

You will appreciate, of course, the reason for the in- 
creased wear resulting from the use of the thinned-out 
crankease-oil and the satisfactory results accruing to 
the use of very much thinner mixtures in two-stroke- 
cycle practice. It is a mere matter of dirt, sediment 
capable of breaking through the thinned-out oil-film, 
in one case; and a clean, albeit a thin, oil-film with 
nothing to rupture it and cause abrasion, in the second 
instance. I quote in full a letter from H. C. Mougey, 
control chemist for the General Motors Research Cor- 
poration. I feel sure that these data will obviate such 
misgivings as you may have. 

In reply to your note in regard to the test we made 
on the Oakland engine using diluted oil, I can give you 
the following information. This test was made in 
March, 1921, using an Oakland engine that was built 
in 1918. The engine was run on the dynamometer at 
1500 r.p.m., developing 23 hp. under the conditions of 
the test. This was not full load. The test was run 130 
hr. under these conditions. For the first 60 hr. the 
lubricant used was a mixture of Standard Oil Co. 
Junior Red oil mixed with kerosene in the ratio of 60 
parts Junior Red oil and 40 parts kerosene by volume. 
The viscosity of the mixture was 56 Saybolt sec. at 100 
deg. fahr. At the end of 60 hr. the lubricant was 
changed to a mixture of Gerkins F. A. Heavy, diluted 
with kerosene in the same proportions. The viscosity 
of this second mixture was 63 Saybolt sec. at 100 deg. 
fahr. 

It was found that under the conditions of the test, 
instead of the dilution increasing or remaining con- 
stant, it actually decreased. For this reason tests were 
made on the oil in the crankcase from time to time, and 
diluted oil was used to keep the dilution as near as we 
could to 40 per cent. The engine performed in a satis- 
factory manner throughout the entire test but, at the 
end of 130 hr., the crankcase was allowed to run dry 
and under these conditions a connecting-rod bearing 
burned out. The engine was then torn down for exam- 
ination and found to be in perfect condition except for 
the bearing that was burned out, two pistons that were 
scored and the top rings that were stuck in the grooves 


in these two pistons. All other pistons, cylinder walls, 

bearings and the like were O. K. 

We believe this damage was done in running the 
engine without oil. The bearings were then replaced 
and an additional run was made using dirty diluted oil 
drained from a tractor. The dilution was kept at about 
the same percentage but the oil contained large amounts 
of dirt. Under these conditions the bearings and the 
cylinder walls were very badly scored and abraded by 
the dirt. 

This test showed that it is possible to run an engine 
with clean diluted oil and that the viscosity we used in 
this test was sufficient, provided the oil was clean. This 
test also showed that if the oil was full of dirt, sand, 
clay and similar materials, an oil of this viscosity did 
not give a thick enough film to keep the particles of dirt 
from injuring the bearings, the pistons and the cylinder 
walls. We have never made tests to determine the 
size of the dirt particles that can be permitted with 
different viscosities of oil. 

The test described above was run on the dynamome- 
ter at room temperature and, under these conditions, 
we had no water in the crankcase. In actual service we 
have water mixed with the contents of the crankcase 
in most of the cars in winter. If this water carries 
small amounts of sulphuric acid, due to the burning of 
the sulphur in the fuel, it is possible to have serious 
corrosion troubles in the crankcase. The fact that 
water causes trouble in service does not necessarily 
mean that engines will not operate with water mixed 
with the lubricating oil; in fact, we made a run at one 
time on a Delco-Light engine using as a lubricant a 
mixture of soluble screw-cutting oil and water in the 
ratio of 1 part soluble oil and 20 parts water. This 
Delco-Light engine was run at full-load for 1 week, 24 
hr. per day, under these conditions. It performed satis- 
factorily and was in perfect condition at the end of 
the test. 

And so we in the lubrication field, as the result of 
our experience, advocate drainage of the crankcase fre- 
quently, not particularly because the oil becomes diluted, 
but because the oil becomes contaminated; while it will 
stand thinning-out alone and still possess ample value 
to accomplish its primary function of retarding wear, 
contamination seriously hampers it in this performance. 


UsE OF HEAVIER-BODIED OILS DECRIED 


Dilution will thin-out an oil and impair its ability to 
seal the piston-rings, to be sure. But, happily, when 
the rings are properly fitted, the cylinders are properly 
finished and the connecting-rods are properly aligned, 
it does not take an oil of exceptional viscosity to seal 
the rings adequately at the engine and the piston speeds 
prevalent in today’s practice. Also, the thinned-out 
oil will be consumed faster. It will reach the combustion- 
chambers in greater abundance. The practice of going 
to a heavier-bodied lubricant to counteract dilution is 
therefore to be decried. It is of doubtful value in ac- 
complishing the purpose for which oil is put into the 
crankcase. And there is no doubt whatsoever about the 
greater tendency of the heavier-bodied oil to “stew” down 
into an objectionable carbon-formation under the tem- 
peratures usual in an engine in which dilution is chronic. 

The oil recommended by the lubricant refiners’ en- 
gineers, be it heavy, light or of intermediate grade, pos- 
sesses ample body to do its work between the periods 
at which crankcase drainage is recommended if ex- 
cessive or unusual dilution does not occur. The dilu- 
tion problem is closely interlocked with the carbon prob- 
lem, with the “sludging” problem, with the corrosion 
problem, with lubrication troubles in general. It is hard 
to treat it alone and do the subject justice. 
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CRANKCASE-OIL DILUTION 


It would help all of us if, somewhere in your instruc- 
tion-books and service literature, you found space to 
drive home with real force the following instructions 
aimed to minimize the trouble: 


How To AvoID CRANKCASE DILUTION 


(1) Avoid excessive use of the “choke.” After starting 
give the engine time to warm-up somewhat before 
driving 

(2) Use a radiator cover during winter to allow the 
engine to warm-up more rapidly and also to run 
at a higher temperature. A cold running engine 
acquires dilution much more rapidly than a hot 
one because all the fuel injected into the cylin- 
ders does not burn. Some of it finds its way into 
the oil-pan. Heat aids vaporization and promotes 
perfect combustion 

(3) Avoid idling for long periods or excessively slow 
driving. At very low speeds objectionable suc- 
tion sets in, tending to increase dilution 

(4) Keep the engine in good mechanical condition. 

The oil consumption will indicate whether it is 
in good condition. An engine in good mechanical 
condition may be subject to dilution at idling 
speeds and in city driving, but in cross-country 
higher-speed service the dilution will be reduced 
by evaporation of the fuel in the oil. If, how- 
ever, in both low and high-speed service the 
oil-level gage does not indicate an apparent 
consumption, the rate of raw-fuel dilution is 
reaching a dangerous stage and the only remedy 
is to have the pistons and the piston-rings refitted. 
If the cylinders are out-of-round, tapered or 
scored, have them reground. New rings or 
pistons alone are not sufficient unless the cylin- 
ders are true. When excessive wear has once set 
in, the use of a heavier oil will not cure the con- 
dition. In fact, such practice temporarily acts 
as a narcotic, only to invite trouble of a different 
nature later on. It is not possible to replace 
satisfactorily metal that has been worn away 
with heavy-bodied lubricants 

(5) Drain the oil-pan frequently. At least every 1000 
miles in summer and every 500 miles in winter 

is a good rule for average conditions. Replace 
with the correct grade of fresh oil 

(6) Do not flush the crankcase with kerosene. It is 
impossible to drain all the pockets without drop- 
ping the oil-pan. Kerosene that is trapped 
remains to dilute the fresh oil. Drain the crank- 
case while the engine is warm and the oil is 
agitated; this will carry off the sediment. [Some 
disagree with this statement and believe that 
flushing with kerosene to remove dirt is desirable 
except in engines that cannot be well drained.] 

Our experience teaches that when draining is neglected, 

danger accrues not only from the excessive wear that 
the dirt gives rise to, but also from emulsification or 
“sludging”’ of the oil and from corrosion under certain 
conditions. 

E MULSIFICATION 


The formation of “sludge” in crankcase oil is due to 
a combination of several causes and is really an emulsion 
formed by water in the presence of road dirt, carbon 
dust and minute metal particles such as are always 
present in an engine crankcase. This condition is 
possible even with very carefully treated oils having a 
high demulsibility figure. In general, the average owner 
does not understand why water accumulates in the engine 
oil-pan and in some engines more than in others. The 
condition is not always a fault, but more often a charac- 
teristic of the design. A worn engine, however, will 
generally accumulate more water than a new one. 
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To appreciate the most common source of water in 
the engine, it is only necessary to hold a glass tumbler 
over the end of the muffler pipe and note the rapid collec- 
tion of water drops condensed from the exhaust. The 
exhaust gases are saturated with water-vapor and upon 
striking a colder surface this will condense. The crank- 
case of an engine, until it becomes thoroughly heated-up, 
acts as a condenser for all the exhaust gases that pass 
downward by the pistons. When the crankcase becomes 
thoroughly warm, the greater portion of such exhaust 
gases passes on out through the breather. A hot-running 
engine allows much less water accumulation in the oil- 
pan than a cold one. Short runs, such as are encountered 
in city automobile driving, do not allow the engine to 
heat-up properly and some water in the oil-pan may be 
expected. 

It is practically impossible to prevent the presence 
of water in the crankcase of an automobile. In fact, 
in our laboratory work, we have noted the presence of 
water in a crankcase that was previously cleaned, dried 
and warmed after operation of only 3-min. duration. 

Fire apparatus is the most prolific source of sludging 
complaints brought to our attention, and the underlying 
causes of the trouble encountered in this service are 
interesting and instructive. It is common practice with 
such apparatus to start the engine up each morning, idle 
it for a few moments just to see that all is well and 
ready for the call and then shut it off. Sometimes this 
daily start is continued for weeks, even months, with- 
out the apparatus being called upon for any service that 
will develop even moderate engine temperature. Then 
the complaints roll in; “the oil is no good,” “it thickens 
up into a livery mass,” “the engine has never been out 
of the house since fresh oil was added,” and so on ad 
infinitum. 

If the oil is fresh and properly refined, the water will 
not remain in permanent suspension; but as the oil 
becomes contaminated with particles due to metallic 
wear, road dirt, free carbon and acidulated moisture 
resulting from the combustion of fuels with sulphur- 
content, its ability to separate from the water is lessened. 


DEMULSIBILITY AND CRANKCASE SERVICE 


Table 3 shows the results obtained by using an ex- 
veptionally well cleaned-up turbine-oil having a demulsi- 
bility value of 500 as against the average value of some- 
what over 300 for high-grade automobile oils. 








TABLE 3—RESULTS OBTAINED BY USING AN EXCEPTIONALLY 
WELL CLEANED-UP TURBINE-OIL HAVING A DEMULSI- 
BILITY VALUE OF 500 























Samples? 
Details 
& a ee 5 
Specific Gravity........|.0.901} 0.912) 0.904) 0.903) 0.897 
Pour Test, deg. fahr....| 40 30 | 35 35 30 
Viscosity, Saybolt sec. at 
104 deg. fahr........ 245 249 245 240 162 
Neutralization Value...| 0.1 0.8 0.6 0.6 0.8 
Herschell Demulsibility .| 500 0 18 20 0 
Herschell Demulsibility | 
after Filtering 
Through Paper...... ooo 500 | 800 | 700 | 700 
SOUS. os. de. eS Bias Os | 0.77 | 0.15 | 0.13 | 0.39 
PEE ois. este aaiconel ae 5.40 | 2.00 | 1.70 | 1.70 





2Sample 1, fresh and unused; Sample 2, used for slushing 
the crankcase previous to the test; Sample 3, after an idling 
period of 5 min.; Sample 4, after a run through traffic of 
1-hr. duration; Sample 5, after a 200-mile run. 
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The condition of sample No. 2 shows how the addition 
of a small quantity of carbon and carbonaceous matter 
has reduced the demulsibility to zero. It will be noted 
that the relatively high demulsibility-reading on the 
fresh oil was practically eliminated after being 5 min. 
in the crankcase, but that it was restored and bettered 
after filtering through paper! 

Table 4 exhibits figures that bear on the acquisition 
of acidity and its effect on the demulsibility of the oil. 


TABLE 4—RELATION BETWEEN DEMULSIBILITY AND ACIDITY 
AND TIME THE OIL IS IN SERVICE 











Time in Service | Viscosity, Saybolt 
Sec. | | 
wT _|Demulsi-| Acidity, 








bility | Per Cent 
At 100 | At 150 
Days Months Deg. Deg. 
Fahr. Fahr. 
| | 
New (Oil 148 68 | 1,200 0.000 
2 wars 151 68 130 0.010 
Sait 2 165 | 71 | #«+78 | 0.100 
ete: 3 ma 19s) wl was 
vans 9 189 eae, 81 0.850 

















Acidity and its bugaboo, corrosion, mainly result from 
the use of fuels that are sulphur-laden. It is hard to 
keep the sulphur-content of benzol low, for instance. 
Many a corrosion complaint is traceable to the frequent 
and unguarded use of benzol. 

Sulphur in the presence of sufficient air burns to 
sulphur dioxide, SO,. This has a strong affinity for mois- 
ture and when wetted forms sulphurous acid, H,SO,, a 
weak acid, to be sure, when cold, but potent to attack 
unprotected bright metal parts within the crank-chamber 
when warmed by the engine heat. This acid in time 
oxidizes to sulphuric acid, H,SO,, which is worse. 

Sludge formation has a queer feature that must be 
carefully watched; else the complaint will become chronic. 
However, few operators are acquainted with it. Unless 
the crankcase is perfectly cleansed after sludge has once 
formed, the trouble will appear again with startling 
rapidity. Particles of sludge remaining seem to act as 
catalyzing agents to hasten the emulsification of the 
new oil. To combat sludging and corrosion evils that, 
with each winter, seem more pronounced, we would 
suggest for inclusion in your instruction-books the 
following: 


How To AvoIpD OIL-SLUDGING 


(1) While the engine is warm, drain off a cupful of oil. 
If it contains a quantity of water, make it a 
practice to repeat this operation every 3 or 4 
days; and by so doing remove the cause of much 
worry 

(2) Make use of a suitable radiator-cover. It will not 
only assist in cutting the tendency to sweat in the 
crankcase but will retard the dilution tendency. 
Water, if allowed to get into the oil circulating 
system, will pocket and freeze very readily, 
causing a tie-up in the circulation. It should be 
remembered that oil does not freeze. The oil 
itself should not be condemned when the oiling 
system ceases to function, if the correct body of 
good oil is being used. Almost every case is 
traceable to stoppage by ice or a mechanical 
fault 


(3) Clean the oil-screen regularly, at intervals repre- 
senting not over 100 hr. of service 


(4) The fuel has something to do with water accumu- 


lation. High-test gasoline generally gives better 
satisfaction, as the engine warms-up more 
quickly 

(5) If sludging should occur, make sure that the last 
trace of the formation is cleaned from the crank- 
case before refilling. Do not rely on flushing; 
drop the oil-pan and clean it thoroughly 


CARBONIZATION 


Also of importance in breeding complaints is carbon, 
a most annoying, almost exasperating, engine malady. 
If the people who use automotive engines, the people 
who service them and even the people who build them 
faced the question squarely, complaints on the score of 
carbon deposit would be of far less-frequent occurrence. 
It is a most natural thing, however, to blame all the car- 
bon faults on the oil, good, bad or indifferent; “it is the 
oil that is at fault.” But is it? Let us look into the 
subject a little. You know as well as we do that it is 
essential that we get some oil above the pistons. If we 
got none, if the rings form a positive barrier, woe-betide 
the cylinder walls. Technical people have bent every 
effort to obtain that happy medium in design which will 
pass enough oil to lubricate, not enough to “oil-pump.” 
The margin between the two conditions is a narrow one. 
For instance, idle a motor-car engine at the curb for 
a while; open the throttle and it will smoke for a moment 
or two. Drive the same car along the road at 30 or 
35 m.p.h. and the exhaust will be as clean as a whistle. 
Under idling conditions it is an oil-pumper; under normal 
loading it is a properly lubricated engine. What is the 
difference. Nothing you can control at the factory; it is 
just a difference in combustion-chamber temperature. 
At low throttle not enough heat is present to burn clean 
the amount of oil drawn into the combustion-chambers. 
Under load, with increased temperatures, we attain clean 
burning. 

With this thought in mind, you will be ready to appre- 
ciate why our service engineers cure many of the oil- 
pumping complaints we get by adjusting the carbureter 
properly, by adjusting the spark-plug gaps and the 
breaker-points properly, by regrinding the valves and 
adjusting the tappet clearances properly; in a word, by 
bending every effort to maintain that efficiency of combus- 
tion which is essential to assure heat enough to burn 
the excess oil clean. 

Unfortunately, a “carbon-free” oil does not exist. All 
mineral lubricating oils are combinations in varying 
amounts and forms of hydrogen and carbon and are 
grouped under the general term hydrocarbon, and our 
fuels are similiar but simpler in structure. It is a queer 
thing about such hydrocarbons that under critical con- 
ditions of temperature and pressure they become non- 
stable and disintegrate into simpler hydrocarbon com- 
pounds. We call this reaction “cracking”; to achieve it 
both the temperature and the pressure must be proper. 

That in itself is not particularly mteresting. But it 
is interesting to know that whenever we crack a 
petroleum product, regardless of its molecular structure, 
we release one atom of free carbon for every molecule 
of the substance that is broken-up. Thus, to follow 
through a typical case, suppose we start with the prod- 
uct pentadecane, which is a saturated hydrocarbon of 
the methane series, the chemical formula for which is 
C,,H,,. Under the influence of heat and pressure that 
are properly regulated, this hydrocarbon may be 
“cracked” to form pentane, C,H,,, a saturated hydro- 
carbon also of the methane series, ethylene, C,H,, an 
unsaturated hydrocarbon of the olefine series and free 
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or uncombined carbon C. The general scheme of the 
reaction is 


Cis H,, + heat + pressure = 2C;H.z + 2C,.H.+C 


No matter how complex or how simple the structure of 
the hydrocarbon we start with, if we crack it we always 
release one atom of carbon for each molecule of the sub- 
stance cracked. Taking pentane, one of the simpler 
hydrocarbons resulting from the above reaction, we can 
crack it again after the following manner: 


C; Hi + heat + pressure = C.H,+2CH,+C 


We have still simpler hydrocarbons, and still we have 
free carbon. And, in our engine combustion-chambers 
we have heat plus pressure and oil and fuel, both mix- 
tures of various hydrocarbons, some simple, some com- 
plex. Cracking is inevitable; the formation of carbon 
follows as a matter of course. 

If the combustion-chamber is not lined with a sticky 
film of oil stewing down into a tacky mass to catch the 
carbon and hold it, or if ample heat and-a surplus of 
air are present to effect perfect combustion of the carbon 
thus released, little or no harm is done. But note what 
happens when the engine is not kept in shape to pro- 
mote efficient combustion, when habitual overfilling of 
the crankcase reservoir is practised, when shims are 
fitted improperly on pressure-feed systems so that 
streams of oil are projected into the cylinder bores and 
when operators go to heavier-bodied, more viscous 
lubricants than can be properly handled under the pre- 
vailing combustion-chamber temperatures to quiet noisy, 
badly worn engines or to maintain the oil pressure 
recommended on force-feed jobs where loose* bearings 
permit the lighter-bodied oils to pour out, reducing the 
oil pressure. Gentlemen, here are your troubles in a 
nut-shell, and you can correct more of them by proper 
education than you can by design changes. 


OIL SPECIFICATION 


An effective campaign will give the user a clean-cut 
definite picture of the proper oil to use in terms under- 
standable to the engine operator himself and in terms 
understood by the garage folk and filling-station at- 
tendants on whom the public relies for its supplies of 
lubricants. 

A campaign to eliminate oil-pumping and carbon com- 
plaints must start with a definite recommendation of oils 
of known quality. For, while all oils are hydrocarbons 
and therefore subject to the carbon-forming tendency 
mentioned above, it is also true that improperly refined 
oils may not be totally devoid of free or uncombined 
carbon when fresh, or may incorporate ingredients or 
fractions of such a nature that free carbon in abundance 
develops rapidly in these oils in service. Then, the more 
viscous oils, however well refined, must be used with 
care. Being hard to vaporize, when used in engines with 
low or moderate combustion-chamber temperatures, they 
stew and gum and collect the tacky film formed by the 
free carbon released when oil and fuel crack. They are 
safe for use only in engines in which the combustion- 
chamber temperatures run high as in aircraft, tractor, 
air-cooled and Knight-valve engines or in moderately 
heated engines in which mechanical means make freedom 
from excessive oil-pumping a certainty, but surely not 
in worn engines to compensate for piston and cylinder 
wear or to increase the oil pressure on force-feed jobs 
where bearing looseness defies the pump to maintain the 
recommended pressure on the recommended oil. 

You can go a long way toward side-stepping trouble 
of a serious nature by incorporating substantially the 
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following instructions in 
service letters. 


your instruction-books and 


HOW TO AVOID OIL-PUMPING AND CARBON DEPOSIT 


(1) Use nothing but the highest-quality oil of the body 
and character exactly suited to engines in average 
service 


(2) Fill the crankcase carefully to the proper level 
daily. Do not overfill. Overfilling causes over- 
oiling and carbon formation 

(3) If our instructions on maintenance are carried 
out, you can expect many thousands of miles of 
service before appreciable cylinder-wall and 
piston wear takes place. When such wear 
occurs, have the cylinder-block reground and 
oversize pistons fitted. Do not attempt to com- 
pensate for wear by using a heavier-bodied oil 
than has been recommended. The indiscriminate 
use of heavy-bodied lubricants is a most frequent 
cause of fouling spark-plugs, sticking valves, 
prolific carbon-formation and “carbon knock” or 
detonation. Avoid it 

(4) Do not shift to a heavier-bodied oil than has been 
recommended to increase the oil pressure. If 
the oil pressure falls off gradually, the most 
likely cause is badly worn bearings, permitting 
an excessive bleed. You cannot correct this 
with heavier oil or by setting the pressure-relief 
valve to maintain higher pressures. Both of these 
attempts to bolster-up the oil pressure lead to 
excessive carbon-formation. If the oil pressure 
is not what it should be, investigate and find out 
the cause and correct that; do not disturb the 
adjustment of the relief valve or change to a 
heavier-bodied oil 

(5) When the bearings are tightened be sure that the 
shims, as well as the bearings themselves, are 
properly fitted to the crankpin. Poor shim-fits 
are responsible for many complaints of low oil- 
pressure, oil-pumping and carbon formation 

(6) Be sure that your carbureter is properly adjusted. 
With a rich mixture, carbon forms from the in- 
complete combustion of both oil and gasoline, 
and the excess of fuel dilutes the oil 

(7) “Missing” promotes both oil-pumping and carbon 
formation. Therefore, keep the igniter clean 
and in perfect adjustment; and see to it that the 
plugs are in good condition, clean and the gaps 

perfectly adjusted 

(8) Compression losses lower the efficiency of com- 

bustion and the ability of the burning fuel 
charge to dispose of excess oil. Therefore keep 
the valves properly ground-in, the tappets prop- 
erly adjusted and the pet-cocks and cylinder- 
head gaskets tight and use the grade or grades 
of oil recommended to assure adequate sealing of 
the piston-rings against compression losses 


EDUCATION NEEDED ON ‘THREE POINTS 
LUBRICATION PROBLEMS 


To summarize for the moment, we find that we have 
three things, three lessons, if you will, to drive home to 
the car operator; (a) how to prevent crankcase dilution, 
(6) how to avoid oil-sludging and (c) how to prevent 
oil-pumping and carbon formation. 

It is evident, I believe, to each of us, that if we register 
these instructions with the motoring public effectively, 
most of our lubrication problems will be solved. Nothing 
we can do, even by combining all the forces available 
to us, will accomplish this mission at a single stroke. 
Education accrues from constant reiteration of basic 
facts in diversified forms. We can, with advantage, re- 
vamp the lubrication instructions, placed in the hands 
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of the car-owner when the car is purchased, to conform 
to this program. This is one of your duties, although 
we lubrication people will be glad to cooperate with you 
in drafting your instructions. We can, when this method 
seems desirable, supplement the regular instruction-book 
with a fully developed lubrication instruction-book, a 
book prepared by lubrication engineers in collaboration 
with your technical people and issued jointly by the 
collaborators. 

We can supplement these thorough instructions with 
condensed instructions for draining, filling and the 
correct oil to use, on a plate attached to the crankcase 
adjacent to the filler or the dash in plain sight when the 
hood is epened. This method is most effective but should 
be considered as supplementary to the full instructions 
issued in printed form. 

So much for definite instructions that go out with the 
car. We cannot assume that our responsibility to the pub- 
lic ends when we have prepared and issued these in some 
enduring form. They are not always read, and even 
when read they are not always fully digested or fully 
appreciated when fed in a single dose. And so the service 
letter or service bulletin issued periodically plays a big 
part in bringing about a fuller appreciation of the im- 
portance of these teachings, service letters from you to 
your people and from us to our people, all correctly in- 
flected so that the word reaching the operator is always 
the same in meaning, despite our several ways of ex- 
pressing it. 


This suggestion might be passed on to the carbureter 
people and to the ignition people; for the correct adjust- 
ment of their apparatus, it has been clearly demonstrated, 
is very important in the satisfactory solution of our 
dilution, sludging and carbon problems. And they, like 
we, can work into their copy some constructive thoughts 
without lessening its sales appeal. We in the service 
end of the work should work more closely with our 
advertising and our publicity people; more often than 
not we find them wide-open for copy suggestions that 
are timely and lend themselves to treatment in accord- 
ance with their different standards and _ responsibili- 
ties. 

Direct talks to the people who use our products, when 
they are good talks and forcefully presented, do a won- 
derful amount of good. Much of the educational work 
we are doing takes the form of illustrated lectures; talks 
to dealers, to owners, to service people and to people 
whom we feel can and will profit to a very great extent 
by talks of this kind. 

By and large, we oil people have 10 dealers for each 
1 of yours. My own company has 50,000 dealers in daily 
intimate contact with the people who use your equip- 
ment. To your dealers and ours, our mutual customers 
turn for the latest news, the last word; they are the 
authority to the multitude. If we are to make progress 
along the educational lines indicated, we must make these 
men real authorities. We must all teach the same lesson 
in about the same way. 


AMERICAN THRIFT 


hs roe observers charge the American people with 
being hopelessly profligate in financial matters. They 
are accused of being wasteful to the point of unintelligence. 
The fact that in 1923 they were able to absorb nearly 
4,000,000 automobiles is being pointed to by critics as a bit 
of contributing evidence on this subject. Before we adopt 
such a depressing conclusion regarding the national dispo- 
sition, we should not overlook, but give due weight to, the 
significant fact that in the same year the American 
people paid for new life-insurance to the amount of 
$11,710,000,000. 

This year’s record of new life-insurance is conclusive proof 
of the substantial character of the country’s continued pros- 
perity and the increased purchasing power of the American 
people. This great addition to the personal protection of 
policyholders’ families carries with it the addition of hun- 
dreds of millions of dollars to the productive capital of the 
country through the investment of life-insurance funds and 
will continue to be one of the strongest factors in maintain- 
ing a steady, healthy growth in the nation’s commercial 
life. Funds contributed for life-insurance premiums consti- 


LARGE-SCALE 


HE limitations on large-scale production arise mainly 
from the infirmities of human nature. The extension of 
the scale of operations means an ever-increasing reliance 
upon hired labor and an ever-lessening reliance on spontane- 
ous self-interest. If all men worked with as much energy 
and spirit for an employer as they do for themselves, the 
spread of large-scale production would be almost boundless. 
The limitations of men’s faculties explain why large-scale 
operations do not make their way with unfailing certainty. 


, 


tute the greatest single force in keeping the commerce of 
the nation active and efficient. In addition, the farmer is 
enabled to cultivate his farm more widely and produce food 
in greater abundance. 

The American Government was founded upon the propo- 
sition that the purpose of government is the protection of 
the individual in the enjoyment of his rights. It does not 
exist for the purpose of making men successful but to 
encourage men to make themselves successful by guarantee 
ing to them the fruits of their labor. This has resulted in 
the spurring of individual initiative, the fostering of indi- 
vidual ambition and the compelling of individual achieve- 
ment. As the individual has developed, the nation has 
grown, because the individual, recognizing that upon his 
own efforts depends his future, has acquired habits of indus- 
try, thrift and foresight which have turned him toward 
making provision for those naturally dependent upon him. 
In other words, the American form of constitutional govern- 
ment has been the cause of individual success, which in the 
aggregate has made for national greatness.—E. D. Duffield, 
president Prudential Insurance Co. of America. 


PRODUCTION 


Every new machine, every change to larger scale, involves 
risks, calls for planning and judgment, is dependent on some 
individual’s initiative. If an indefinite number of individuals 
were capable of this sort of work, the march of progress 
would be faster and large-scale operations would make their 
way more surely and speedily. As it is, these changes wait 
on the impulse given by the comparatively few individuals 
who have the capacity for industrial leadership—F. W. 
Taussig. 
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Providing the Engineer with Service 
Data 


By O. T. Kreusser! 


DAYTON SERVICE MEETING Parer 


7. furnish each year better, prompter and less costly 
service compels the development of field service- 
branches that operate on a sound business basis such 
that all the capital involved is applied toward operat- 
ing all of the floor-space to its maximum capacity, 
turning-over the stock with the maximum frequency, 
justifying the existence of the tool equipment and 
having the right men all pull together. Data are 
necessary in the conduct of any business on an effi- 
cient basis, and the field experience provides a definite 
channel to bring to the designing and the production 
organizations the information that is most valuable 
in making an improved product. 

Two tendencies of the industry are toward auto- 
mobiles that become lower in overall costs per mile 
of transportation and vehicles that function with less 
trouble, delay and inconvenience. The author dis- 
cusses the subject at length under headings of main- 
tenance troubles, field information, recording and 
charting of service data and cooperation between the 
factory and the service-men., 


E believe there is no discussion as to the place 

service must occupy in the selling of automobiles. 

The customer is already giving the preference, 
everything else being equal, to the car builders who show 
evidence that they realize their responsibility to the cus- 
tomer and provide him with the facilities and the at- 
tention he may need during the life of his car. That 
means the service-man must continually broaden his out- 
look to prepare for the improvements in service that the 
customer has a right to expect. In other words, we must 
be prepared to furnish each year better service, prompter 
service and at a less cost. This, in itself, compels the 
development of service branches in the field that operate 
on a sound business basis to the extent that all the capi- 
tal involved is aiding in obtaining a result; all the floor- 
space is operating to its maximum capacity; stock on the 
shelves is turning-over with maximum frequency; tool 
equipment is justifying its existence and the right men 
are all pulling together to get a result. 

To help the field organizations to meet these conditions 
and assume these responsibilities gradually, the service 
manager must begin to open channels to obtain such in- 
formation as is necessary in the conduct of any business 
on an efficient basis. One must remember that, to the 
customer, the annoyance of adjustment and repairs is 
sometimes just as serious as the cost of repairs and has 
its reflection in the number of repeat-orders for new 
cars. 

The service experience in the field provides a definite 
channel to bring to the designing and the production 
organizations the information that should be most valu- 
able in making an improved product. We must remember 
that the elimination of unnecessary service due to fail- 
ures of an avoidable nature is just as important as ren- 
dering good service economically at all times. 


AS.A.E.—Coordinating engineer, General Motors Resear: h Cor- 


ai on, Dayton, Ohio 


Illustrated with Cuart 


It would be ideal for the designer to spend a con- 
siderable part of his time in the field, each season, in 
actual contact with the users of his cars. In addition, he 
should be provided with a prompt and reliable means in- 
dicating just what is being done to the cars in all the 
fields that the service organization represents. As an 
actual condition, the engineering staff will never get 
much opportunity to spend time in the field. The every- 
day production problems, coupled with the continued 
pressure for new, better and more economical designs, 
confine the engineer to service experiences that must 
remain local for the most part. The results obtained 
with the same car in different sections of the Country 
vary sufficiently to warrant a very close analysis before 
the conditions demanding a change of design in an ex- 
isting product are acted upon. 


TENDENCIES OF THE INDUSTRY 


History shows clearly two very definite tendencies in 
the industry. First, the automobiles must become lower 
in price, that is, lower in overall costs per mile of trans- 
portation; this includes first cost, operating cost, service 
cost, maintenance cost and resale value. Second, the 
vehicles must function with less trouble, less delay and 
less inconvenience. Or, to summarize, the continued 
growth of the automobile industry is predicated on pro- 
ducing individual transportation at less cost with equip- 
ment that provides more reliable functioning. For this 
reason the actual service obtained with cars in the cus- 
tomers’ hands today and tomorrow, not 2 or 3 years ago, 
is of the utmost importance to every manufacturer who is 
endeavoring to stay in the front rank and produce a 
vehicle that will give more miles, more convenience and 
more repeat-orders. The major troubles in the field with 
one’s cars are eventually brought home directly because 
the customer has learned to insist on a definite perform- 
ance and demands correction or replacement in the event 
of serious failures. 


MAINTENANCE TROUBLES 


As one looks over the detailed records of operation of 
many different makes of cars in the same service, it be- 
comes apparent that most maintenance troubles are not 
of a major character but are multiplications of detail 
troubles. In the case of new models, this may not always 
be true, as “unknowns” sometimes creep in, giving 
troubles in the field which are usually remedied individ- 
ually by campaigning. The average service-department 
of a car company can furnish a fairly complete list of the 
number of parts that go out to the different territories. 
But, unfortunately, the information generally stops there. 
There is not complete knowledge as to just what atten- 
tion to the cars is necessary in the field to provide per- 
formance that is satisfactory to the customer. The rec- 
ord of parts shipped is not in itself of much value to the 
engineer inasmuch as it does not give definite facts as 
to when the parts were used or whether the factory was 
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depended upon as the source of supply for all the parts 
needed in the work. It leaves out the big factor of mak- 
ing repairs and adjustments that do not require new 
parts. 


FIELD INFORMATION 


The contact today between service and engineering is 
not always based upon definite up-to-the-minute knowl- 
edge of what is happening in the field so far as adjust- 
ments and work carried on by the service-stations are 
concerned. This condition often results in delaying 
changes that should be made. Eventually, complaints 
from the field become so insistent that the design or the 
material involved is changed; the delay being costly in 
both expense and good-will. Again, extensive changes 
are sometimes made, based upon a local condition, which, 
if all the facts had been known, would not have demanded 
the particular method of correction followed. The ser- 
vice department, with the contact it has in the field, is in 
a good position to make available to the engineering and 
the production departments the exact information pertain- 
ing to the equipment in the field and from all points at 
all times. 

It is not argued that the service department should be 
in a position to supply the detailed information necessary 
to make an engineering change in design or material, but 
it should have at all times a record that will act like the 
signal-system of a railroad, indicating when excessive 
trouble is experienced in a particular detail or function 
of the product, as compared with previous experiences. 

Usually when we say “record” we get the idea that it 
involves a volume of detail work, a great amount of which 
is not of much value. This should not be the case if one 
keeps clearly in mind the purposes of the record instead 
of attempting to weigh it down with a mass of detail 
that, while it might have some remote value in the final 
count, does not furnish information changing materially 
the overall picture of the performance of one’s product 
as indicated by a more simple record. 

The material shipped to the territory for repair pur- 
poses is not a real measure of the work done, as in ad- 
justing and maintaining cars many jobs do not require 
parts. For this reason the number of parts sold is a poor 
measure of analyzing what is happening to our product 
in the field. We must develop a qualitative method to in- 
dicate everything of interest. 

The satisfactory performance of a motor car from the 
customer’s standpoint is still an unknown quantity; it is 
based purely upon comparisons. Everyone tolerates the 
necessity of providing against the freezing of a radiator 
in winter. Everyone takes it for granted that carbon 
must be removed at certain intervals. This sort of thing 
is true until someone comes along with a type of design 
or construction that eliminates some of the things we have 
been accustomed to tolerate; then the basis of comparison 
immediately changes. 


RECORDING SERVICE DATA 


By assisting the individual garages in the field to de- 
velop those records that are most useful in conducting 
their business in an efficient way, the service departments 
can help to the extent of providing the field with suitable 
information and printed material that will make it pos- 
sible for them to furnish the information to the factory 
which will in turn be instrumental in making their job 
more agreeable by providing the customer with a more 
satisfactory product. 

It is very questionable whether a customer who re- 
peatedly comes in for many tinkering types of adjust- 
ment is a happy or profitable customer. While the in- 
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dividual charge to him may be small, the aggregate in a 
year’s time is considerable and has weight in the matter 
of whether or not you sell him another car of your manu- 
facture. If you do not, the service-station loses a cus- 
tomer. It is within the service-station’s power to have an 
ever-increasing number of customers that require little 
attention, due to an ever-increasing improvement in the 
details of the product. 

We can never hope to depend upon the field service- 
stations to provide detailed records such as copies of 
every work-order covering the work they do. This in- 
volves entirely too heavy a clerical expenditure both in 
the field and at the home office. Furthermore, it is very 
questionable whether that would be desirable except in 
individual instances like the placing of a new model or 
an entirely new design in the field. Then the detail should 
be carried on for a limited period only. 

The service-station should keep a running record of 
the exact nature of every job. This can be expressed in 
terms of billing or simply in a qualitative measure in- 
dicating what work was done regardless of the time or 
cost involved. From the service manager’s standpoint, it 
seems that the qualitative analysis is more desirable 
because it is simple and provides the maximum amount 
of information for the least effort. 

The gradual expansion of the flat-rate system auto- 
matically cares for the cost and the time analysis. What 
the engineer is particularly interested in is whether dif- 
ficulty is experienced and how frequently with any par- 
ticular component of his automobile. If valve trouble 
is encountered, it is his job to determine whether the 
quality of the material, the method of installation or any 
shortcoming of the design is the real cause of the trouble. 
It is not the function of the service-manager’s record to 
indicate this. 

The engineering department is usually well versed in 
its competitors’ designs. On one car the grinding of valves 
takes a few hours. With another car of a similar class it 
may require a day. The flat-rate system soon points out 
very plainly such shortcomings. In this instance the 
comparison counts for or against only when both cars re- 
quire the grinding at about the same frequency. It is 
this sort of information that the service department must 
be in a position to furnish, not guessing at it from per- 
sonal local experiences, but obtaining it from data from 
the numerous points scattered throughout the Country. 

One of the activities of the General Motors Research 
Corporation is to carry on extensive car-tests. We are 
interested primarily in ascertaining the good points and 
the shortcomings of different cars under operating con- 
ditions that are comparative. We obtain cars, usually 
through regular commercial channels to assure that we 
get the regular production product built by General 
Motors subsidiaries or by competitors or other cars that 
may have interest as indicating new development. These 
cars are run over roads that represent typical all-round 
conditions of city and country driving. So far as pos- 
sible they are operated 24 hr. per day. They are in- 
spected and adjusted periodically and, if necessary, are 
given such overhauling as will keep them in satisfactory 
operating condition. Tests are conducted on the basis of 
25,000 or 50,000 miles of service and a detailed record is 
kept of just what happens, just what is done and what 
is found from day to day. 


CHARTING THE INFORMATION 


We have used many methods of arranging the informa- 
tion thus obtained so that it can be analyzed readily to 
reveal the advantages and shortcomings of design as 
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shown in service. To make this readily available to the 
engineer, we find a chart system permitting comparison 
of the details of different cars a most constructive and 
useful record. It is this comparative record that every 
service department should teach the service-stations to 
keep. It should provide information of what is going on 
and, incidentally, make it available through weekly re- 
turns to the service manager for many constructive pur- 
poses. 

Through the process of elimination, we have found that 
all references pertaining to the parts and the functioning 
of a car can be included under about 125 headings. These 
headings, you will note by reference to Fig. 1, are 
broken-up into major classifications, dividing a car into 
the following components: engine, electrical, clutch and 
transmission, running-gear, chassis and body. These 
major classifications are subdivided into the more de- 
tailed components so that, regardless of what trouble is 
experienced, there is a place on the chart in which to 
indicate by a dot what trouble was experienced with a 
particular functioning of the car. 

The typical chart gives the analysis of troubles experi- 
enced on our road tests with cars selling at from $300 to 
$3,000. The dots indicate in each instance that trouble 
was experienced with the item concerned. No effort is 
made to show whether the trouble was serious or costly 
to repair; that is, the chart does not indicate the nature 
of the trouble any more than the red signal advises the 
railroad engineer of what is happening in the block 
ahead; but it does give warning that there is need of at- 
tention and investigation. The location of a dot indicates 
the mileage after which the trouble occurred. In our 
analyses at the laboratory we are interested in compar- 
ing a car with other cars of the same or a different price- 
class. The density of dots under given headings auto- 
matically brings out the information desired. In this 
particular chart, we are comparing cars that vary in price 
classifications ten-fold. The real picture it brings out is 
of interest. From a customer’s standpoint, a broken 
gasoline-line, or a burnt-out head-lamp bulb, while not a 
major defect, causes inconvenience and delay. 

The interesting thing brought out by the chart is that 
the troubles we expect in motor cars and the improve- 
ments the engineer contemplates making do not always 
conform with the items that are causing the customer the 
most trouble. The industry has not reached a point where 
ears can run 25,000 or 50,000 miles without some adjust- 
ments and some maintenance; thus, all cars are legiti- 
mately subject to adjustments and repairs. 

In the early days of the industry, the engine was the 
source of much difficulty in the field. This chart, Fig. 1, 
giving a cross-section of the products of the industry, 
shows that the powerplant of regular commercial prod- 
ucts is comparatively free from repeated troubles. This 
is not true in the case of items that are considered “‘inci- 
dentals” by the engineer and by production men, such as 
wiring, fuel and oil lines, head-lamp connections and 
bulbs, cooling systems, brakes and sheet-metal work. 
These all demand considerably more attention than one 

would think necessary. 

The thought involved in presenting this type of analysis 
to the service-men is that the engineer must receive from 
the field information of the kind indicated, and that the 
service-man must be in a position to furnish it. We do 
not feel that anything would be gained by making a spe- 
cific analysis of repair-costs in a record of this sort. We 
are interested only in indicating the satisfaction to the 
customer of one car as compared with another. By keep- 

ing this point clearly in mind, we eliminate all the con- 


fusion of classifying the troubles that would otherwise 
enter into a record. The fact that one car has excessive 
trouble is in itself sufficiently serious to warrant a spe- 
cific detailed investigation of the component involved. 

The number of engineering-department investigations 
that might be warranted immediately narrows down to 
an easy determination of the most serious troubles to be 
investigated first. The value of this kind of record is 
that it points out shortcomings in one’s products that are 
often overlooked simply because they are believed to be of 
such minor importance that no investigation is necessary. 
This becomes obvious from a study of the location of the 
dots on this chart. 


COOPERATION BETWEEN FACTORY AND SERVICE-MEN 


All companies are developing some coordination be- 
tween the factory and the repair-stations that represent 
their product in different parts of the Country. The de- 
velopment and growth of the flat-rate system brings with 
it much interesting analysis that the customer will make 
relative to the cost of maintenance of cars in which he is 
particularly interested. It is felt that with very little 
education on the part of the service department, the vari- 
ous repair-stations and the people who represent them 
can make this information available to the engineering 
department at all times with very little effort or delay. 

From analysis, it is evident that the dealers who rep- 
resent successful motor-car producers are making money. 
There are ups and downs, but generally those companies 
are represented by dealers who are successful business 
men. If we go back of this we will find the main reason 
to be that the manufacturer has helped his representative 
to handle his business and sell cars in a business-like 
manner. 

The service manager must take the same interest in 
those who represent his department in the field by help- 
ing them to conduct the business economically and effi- 
ciently. It is felt that every service garage must be 
keenly interested in knowing just what work has been 
done other than that indicated by the cash-register. In- 
formation as to the frequency of valve-grinding, the ad- 
justment of steering-gears and clutches and many other 
operations not now recorded, is of interest to any busi- 
ness man who realizes that the ratio of income to expen- 
diture is governed entirely by these items and by the man- 
ner in which one is organized to care for them. Such in- 
formation obtained under a given local condition permits 
one to analyze how desirable special equipment may be 
to handle certain types of service-operation. It is of in- 
terest in connection with the number of men on the pay- 
roll and the type of men required. In fact, it is the indi- 
cator of what variable work the particular business is 
doing. Very few service-stations today can furnish this 
information, although the total effort involved in doing 
so is practically negligible. 

Some of the General Motors subsidiaries, believing that 
the success of business is based on an intimate knowledge 
of what one is called on to do, are beginning to keep a 
record of this nature. This constitutes a barometer of 
the events in each locality. A record of this sort made 
cumulative over several years indicates very clearly the 
types and frequency of work and the comparison between 
different models at different seasons of the year in any 
particular locality. 

It is felt that a chart of the kind shown, on a small 
scale designed to cover a specific production, can be pro- 
vided profitably by each of the companies, so that every 
authorized service-station can from day to day place a 
dot for each of the items against particular models to 
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show the work done. In return for the help given by the 
service manager, the service-station should give him a 
carbon copy of the chart weekly. Thus, the charts can be 
made available from all sections of the Country and con- 
solidated into a single chart forming a valuable record 
for the service department. It calls the attention of the 
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respective organizations to the seriousness of current 
troubles or to the freedom from a trouble that was once 
serious. It also permits an immediate check on what is 
happening in all sections of the Country relative to a 
particular detail, and allows one to determine what inves- 
tigation is necessary to correct or eliminate the difficulty. 
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_ PROVIDING THE ENGINEER WITH SERV ICE DATA ee a 


The advantage of plotting a record of this sort with 
dots, in place of actual figures, is that in analyzing the 
seriousness of trouble in operation one does not have to 
carry numerous totals mentally. At-the laboratory our 
current master-chart is over 15 ft. long and occupies an 
entire wall of an office. To distinguish closed from open 





CLUTCH AND TRANSMISSION 


cars on the master chart, different colors or different 
shapes of dot or a combination of the two can be used. 
In the event that a dot for a single trouble involves con- 
gestion on the chart, a dot may represent five troubles, 
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TION Recorps EXPERIENCED WITH ITs TEesT Cars 
the Faults That Develop in the Regular Road Tests of Cars Built 
Competitors or Other Cars That Are of Interest as Indicative of 


Representing the P rincipal Components of the Car and These Groups 
of 121 Headings Covering the Troubles Encountered. Each Vertical 


Represents 5000 Miles of Trav el, and the Position of the Dots in the 
Trouble Showed Up. 
























Research ‘Topics 
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and Suggestions 


HE Research Department plans to present under this heading each month a topic that is pertinent to the 

general field of automotive research, and is either of special interest to some group of the Society member- 
ship or related to some particularly urgent problem of the industry. Since the object of the department is to act 
as a clearing-house for research information, we shall be pleased to receive the comments of members regarding 
the topics so presented, and their suggestions as to what might be of interest in this connection. 


HOW THE WOOD ENGINE-INDICATOR 
OPERATES 


N instrument of ingenious design at the headquarters of 

the Royal Aircraft Establishment, Farnborough, En- 
gland, is the Wood electrical recording indicator for internal- 
combustion engines. It is believed that a brief description 
will be of interest to automotive engineers engaged in re- 
search. 


PRINCIPLES OF OPERATION 


So far as its basic principles of operation are concerned, 
this device is similar to the balanced-diaphragm indicator 
developed at the Bureau of Standards and described in 
THE JOURNAL for April, 1920, by Thomas Midgley, Jr. How- 
ever, the new British instrument uses, instead of a light 
diaphragm, a flat balanced-valve that closes against flat 
seats above and below. This serves the same purpose as 
the diaphragm but has greater weight and perhaps some- 
what delayed operation on that account. 

The indicator as a whole may be described briefly as fol- 
lows: It consists of a pressure element that screws into a 
spark-plug hole, an indicating mechanism, a recording mech- 
anism that is connected with an engine shaft so as to run 
as desired at either crankshaft or camshaft speed and a 
source of high-pressure air, together with a hand-operated 
vacuum pump. The sources of air pressure are connected 
both to the pressure element and to the indicator mechanism 
through a suitable distributor box. 


THE PRESSURE ELEMENT 


The pressure element consists of a brass housing, one end 
of which screws into a spark-plug hole in the cylinder, while 
the other is coupled to the air-pressure supply. Within the 
housing, between the air-pressure and cylinder-pressure 
ends, is a very light steel disc-valve with flat faces on both 
sides and with a guide spindle attached. Corresponding to 
the two valve faces are narrow flat seats above and below. 
The valve-spindle is entirely free to move along the guide 
and when the valve-head is in contact with either seat, the 
passage through the housing is closed. When the valve is in 
an intermediate position, a free passage around it from one 
end of the housing to the other is available. The valve- 
spindle is insulated electrically from the housing, and an 
insulated lead is carried from it to the primary of an in- 
duction coil. The two seats between which the valve floats 
form the ground of this circuit. Thus, when the valve is in 
contact with either seat, the electrical circuit is closed; for 
intermediate positions the circuit remains open. The valve 
then acts as a circuit-breaker for the coil whose secondary 
produces a spark whenever the valve passes from one seat 
to the other. The valve-travel is about 0.03 in. 

It will be seen that when the air pressure above the 
valve exceeds that produced at any instant of the cycle 
in the cylinder, the valve will remain on the lower seat 
and no record will be made. But if the air pressure is 
reduced below the maximum cylinder-pressure, the valve will 
open at the instant when the two pressures become equal, 
and for any lower pressure above the valve, the latter will 
leave the lower seat and rise to the upper seat whenever 
the cylinder pressure reaches this value. When the cylinder 
pressure again falls, the valve will return from the upper 
to the lower seat, producing a spark in the recording mech- 
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anism on each occasion. Pressures above the valve are 
applied arbitrarily through a distributor from an air- 
pressure tank or vacuum pump connected to the indicator 
head by a flexible pipe. 


THE INDICATOR MECHANISM 


The recording mechanism is designed to plot a curve of 
pressures against time rather than against volume. To 
accomplish this a spring-loaded piston of the same general 
design as the conventional steam-engine indicator but of 
somewhat larger size and longer stroke is used. 

The piston motion is controlled by two main tension 
springs and two light back-to-back compression springs 
concentric with the cylinder. All four springs are used in 
making a complete diagram; for a light-spring diagram 
the two main springs are disconnected, which makes it 
possible to record suction pressures as well as positive 
pressures up to about 20 Ib. per sq. in. 


THE RECORDER 


This indicator mechanism moves a recording spark-point 
axially along the surface of a drum rotating on a hori- 
zontal axis. Parallel motion of the spark-point relative to 
this axis is accomplished by a parallel multiplying linkage 
that connects the indicator piston with the recording link, 
the latter terminating at its upper end in the spark-point. 
The lower end of this link moves in a guide connected to a 
high-tension terminal of the induction coil which brings the 
spark-point to high potential whenever the coil operates. 
The movement of the spark-point is proportional to the 
pressure above the indicator valve and is 7.8 times that of 
the piston. 

The record drum, which is 12 in. in circumference and 
9% in. long, is of metal and is mounted on ball-bearings. 
It is driven from the engine at either crankshaft or cam- 
shaft speed through a special clutch and by any convenient 
connection, usually a chain. Backlash is largely eliminated 
by fitting an idler pulley to the chain and by applying a 
brake to the drum-shaft. The clutch device is arranged so 
that the drum can first be brought up to speed and then 
engaged with the driving-shaft through a positive clutch 
having but one dog; this feature assures that the recording 
drum is always started in phase with the engine. Thus the 
dead-center mark will always come at the same place on the 
drum. 

The drum carries a piece of special carbon paper intended 
for use with a spark record. The spark-point moves at a 
relatively slow rate along the drum in light contact with the 
paper, its position being determined by the air pressure that 
is applied alike to the indicator cylinder and to the pressure 
element; thus the position of the point always corresponds 
to the pressure above the valve disc. 


OPERATION 


Air pressure is applied to the indicator cylinder and to 
the balanced valve. At a given instant when this pressure 
has reached a certain value and the spark-point is in a corre- 
sponding position on the chart, the compression pressure be- 
comes equal to that of the air and the valve is driven off its 
seat. This causes a spark to puncture the record chart. The 
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cylinder pressure continues to rise and then decreases until 
it is again equalized by the air pressure when the valve is 
driven back and another spark occurs. During the interval 
between sparks the drum has turned by an amount that 
corresponds to the change in engine-piston position; so the 
second puncture comes at a different point on the chart. 
One point is thus obtained on the compression and the ex- 
pansion stroke for each revolution of the drum. In this 
way, with the air pressures varied over the desired range, 
the complete indicator diagram is traced. It will be under- 
stood that the completed diagram will include points repre- 


January, 1924 
STANDARDIZATION 69 











No. 1 





senting a number of successive cycles of engine operation. 

The time necessary to take a record is usually from 10 to 
40 sec., depending upon the engine speed and the type of 
card that is produced. The records taken in this way can 
be used photographically as negatives for making blue- 
prints. 

In one design of recording drum a supply of fresh record- 
paper and the used part of the paper are held on rolls 
within the drum in such a way that it is only necessary to 
turn a knob to renew the record-paper. This is designed 
especially for taking records from aircraft engines in flight. 


STANDARDIZATION 


G. BURFORD, in his presidential address to the Insti- 

«tution of Automobile Engineers, pointed out that stand- 
ardization in the automobile field, so far as the design of 
parts is concerned, is intended to apply only to the detail 
fittings that are common to all cars, neither individuality 
nor originality being hampered or interfered with. He out- 
lined the advantages of standardization as they are reflected 
in the drafting-room and in the shop. In connection with the 
latter, he said that the manufacturers should be under no 
obligation to maintain dies, jigs and patterns to meet what 
in 9 cases out of 10 is simply the individual fancy of the 
designer. He deplored the making of the head of a bolt, for 
example, 1/32 in. thicker than the standard when there is 
no definite good reason for this. The greater the number 
of car details that are standardized, the more easily, quickly 
and cheaply the user will be able to get renewals. In reiter- 
ating his opinion that standardization involves no sacrifice 
of reputation for high-class work, he gave the following 
summary of advantages of standardization: 
Manufacturing 


(1) Number of sizes of sections, dies, jigs, patterns, 
bolts, nuts, etc., reduced to the minimum 

(2) Production of parts reduced in cost because (a) a 
given tool equipment when set-up will be utilized 
for a longer period on greater quantity produc- 
tion, (b) there will be a reduction in tool and 
jig costs and (c) there will be a reduction in 
overhead per piece 


(3) Increased saving by producing in quantities, the 
producer having more confidence in a standard 
line 

Selling 


(1) Sales would be easier and export business more 
readily effected 


Operating 


(1) Repairs more easily effected and replacements 
more quickly obtained so that in case of break- 
down a vehicle is out of service for a shorter 
period 

(2) Varieties and quantities of spares considerably re- 
duced 


He advised strongly that every manufacturer make a care- 
ful and thorough study of the whole question of the advan- 
tages to be derived from standardization. This is very good 
doctrine, for, as mentioned by Mr. Burford, all of the work 
and energy expended in the preparation of a standard is 
practically wasted if only a few firms adopt the standard. 
The first step is for every firm to express its approval of 
the principle and then to nominate one or more members of 
its technical staff, whose specific duty it shall be to deal 
with all questions of standardization, to suggest points for 
standardization, to attend committee meetings, to criticize 
suggested standards and, finally, when a standard is ap- 
proved to see that everyone who is in any way concerned is 
made acquainted with that standard and that it is adopted. 





LAWRENCE B. SPERRY 





CCORDING to press dispatches from London, Lawrence 

B. Sperry, son of Elmer A. Sperry, president of the 
Sperry Gyroscope Co., Brooklyn, N. Y., was drowned in 
the English Channel Dec. 13, 1923, while flying to Amster- 
dam. His wrecked airplane was recovered 3 miles from Rye 
by coast guards, but no trace of its pilot was found. Mr. 
Sperry left Croydon, the London air-terminus, that morning. 
He was seen to fly out to sea by workmen on the shore; 
shortly afterward they saw the airplane crumple and fall 
into the water. It appeared suddenly to collapse, but no 
flames were noticed. A lifeboat was sent out, but the 
aviator could not be found. The airplane was a small one. 
Mr. Sperry was born Dec. 21, 1893, at Chicago. He at- 
tended public school in New York City, being graduated 
from the Erasmus Hall High School in Brooklyn. He was 
credited with being the first to join Naval Flying Corps 
No. 5 in 1917, and with having invented the Sperry stabilizer, 
having previously been in charge of the airplane department 
of the Sperry Gyroscope Co. 





His brilliant career is indicated best by brief mention of 
the reports of some of his achievements. In 1914 he won a 
$10,000 prize in an airplane contest in France. Through 
use of the Sperry gyroscope, invented by his father, he 
startled spectators by riding in his airplane without touch- 
ing the controls, while his mechanic walked out on one cf 
the wings. When Mr. Sperry returned to America, he gave 
exhibition flights over New York City. He was the first 
to install and use succesfully a radio set in an airplane. 
Subsequently, in 1917, he was the first to loop-the-loop in a 
hydroplane. In that year also he was awarded the Collier 
trophy by the Aero Club of America, a trophy awarded 
annually for the greatest achievement in aviation in America. 
Recently he demonstrated that an airplane can be equipped 
with skids in place of wheels for landing, thus making short 
landing-stops possible, He also introduced the sport of ski- 
planing over snow and ice, 

Mr. Sperry was elected to Junior Member grade in the 
Society Sept. 12, 1916. 
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i HEORETICALLY, the idea of constructing a 90- corresponding cylinder, react upon the main bearings of an 
i deg. V-type-engine crankshaft with crank-throws' the crankshaft, alternate in direction and vary approxi- ha 
a4 in two normal planes, instead of in one plane as_ mately in intensity according to the following expression: tw 
7 is customary, is not new; in fact, it has been discussed [Wv?/gLc] [cos » + (Le/Lr) cos 20] no 
4 in textbooks and in the technical press from time to time. ion : = ve 
I Articles on the subject dwell on the advantages of such ce ty — in 
ot an arrangement, pointing out that it results in the elimi- ~ i a eee a ig - ~tigeaaaeaadie 
nation of secondary forces as vibration factors. How- r, Z ret eanth = en pnemsee enue in feet fo 
ever, the articles leave unsolved the removal of the couples ae the angle of the crank with the axis of piston fo 
caused by the disposition of the crank-throws. It can travel in degrees 
be conceived readily that, with these forces present, com- v = the velocity of the crankpin in feet per second 
plete smoothness cannot be realized. W = the weight of the reciprocating parts in pounds 
In its study of engine fundamentals, the General Motors oe ; ‘ . 
Research Laboratories, Dayton, Ohio, has investigated Since Wv: gL is assumed to be a constant factor during \ 
the possibility of counteracting couples connected with a crank revolution for any given number of revolutions per 
this type of shaft and has arrived at a solution through minute, the vom of the variable factor only, [cos ” . 
. the employment of compensating weights properly pro- (Le/Lr) time Sores Mee expressed decimally in Figs. l, 2 
portioned and disposed along the crankshaft. This and 3. The lines represent to scale both the relative value 
method of balancing has its first application in the V- of the variable decimally expressed factor and the actual 
type eight-cylinder engine now built by the Cadillac force represented by_ the expression already given. i 
Motor Car Co. The left half of Fig. l shows the direction and the 
Some of the theory of secondary forces must be in- relative intensity of the reciprocating forces for any 
cluded to convey a clear picture of the factors involved piston and ts connecting-rod _ the right-hand block o1 
in this system. It is not being covered with the thought the Cadillac engine for each 15 deg. The force fo cw 
of contributing anything new to the excellent literature crank position shown reacts upon the crankshaft bear- 
2 " va 9 S § le S é aC 
for the sake of completeness. by the line and arrow at the crankpin. For the position 
RECIPROCATING FORCES of the piston and the connecting-rod shown, the series 
Reciprocating forces in an engine are the variable of lines represents the direction and intensity of the 
forces required to accelerate and retard a piston and a reacting force, in the axis of the piston travel upon the 
portion of its connecting-rod alternately during a crank crankshaft bearings, that tends to produce vibration. It 
sevelution. These forces act along the axis of the will be noted that, while always acting in the axis of the 
piston travel, the forces differ in intensity for various 
Peet ceiee cnetncer Cadac Motor Car Co.. Detrott positions of the crankpin. The right half of Fig. 1 gives 
. 
. 
” ( 





Fic. 1—DIAGRAMS SHOWING THE DIRECTION AND THE RELATIVE INTENSITY OF THE RECIPROCATING FORCES FOR ANY PISTON 
AND ITs CONNECTING-RoOD IN A CADILLAC ENGINE 
The Diagram at the Left Gives the Information for a Cylinder in the Right-Hand Block for Each 15 Deg. of Crank 
Travel, while the Same Information for a Cylinder in the Left-Hand Block Is Presented at the Right 


70 





Vol. XIV 





the corresponding information for any piston and its 
connecting-rod in the left-hand block. 

Fig. 2 shows in heavy lines the resulting forces formed 
by combining the separate forces produced simultane- 
ously by the right and left-hand pistons and the rods 
connected to any one crank. Thus, at the crankpin posi- 
tion No. 24 the direction and the magnitude of the two 
forces as given for crank position No. 24 in Fig. 1 are 
shown in faint lines. The force for the right-hand rod 
and piston is 0.968 (Wv’/gL.). The force for the left- 
hand block is 0.397 (Wv*/gL-). The resultant of these 
two forces is 1.046 (Wv’*/gL.), as in Fig. 2. It will be 
noted that, with the exception of the horizontal and the 
vertical crank-positions, none of the resultant forces is 
in a radial line. 

Fig. 3 is developed by resolving each of the resultant 
forces in Fig. 2 into radial and horizontal-component 
forces. It will be noted that the radial component of the 





Fic. 2—-RESULTANT OF THE COMPONENT FACTORS OF A PAIR OF 
CONNECTING-RODS AND PISTONS 
The Resultant Forces, Which Are Shown in Heavy Lines, Were 


Obtained by Combining the Separate Forces Produced Simultane- 
ously by the Right and Left-Hand Pistons and the Rods Connected 
to Any One Crank, as Shown in Fig. 1. The Direction and the 
Magnitude of These Forces Are Represented by the Light Lines 


reciprocating force remains constant in intensity for 
every position of crank during a complete revolution and 
that only the horizontal component varies in intensity 
and direction. 

Fig. 4 shows the angular relation of the four cranks 
of the Cadillac V-63-engine crankshaft, with crank No. 1 
15 deg. to the left of a vertical plane, and corresponding 
to crank position No. 24 in Fig. 3. Crank No. 4 is 180 
deg. from crank No. 1, corresponding to crank position 
No. 12 in Fig. 3. Crank No. 2 is 90 deg, to the right 
and crank No. 3 is 90 deg. to the left of crank No. 1, 
corresponding to crank positions Nos. 6 and 18, respec- 
tively, in Fig. 3. 

In Fig. 3 it will be seen upon inspection that the radial 
component of the reciprocating force corresponding to 
crank No. 4, position No. 12, is in the same plane but 
acts in the opposite direction from that of the corre- 
sponding force for crank No. 1, position No. 24, and that 
it is separated from the latter force by the axial distance 
between the mid-positions of crankpins Nos. 1 and 4 as 
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Fic. 3—THE RESULTANTS FOR THE VARIOUS CRANK POSITIONS SHOWN 
IN Fic. 2 Have BEEN RESOLVED INTO THEIR RADIAL AND HORIZONTAL 
COMPONENTS 


It Will Be Noticed That the Radial Component of the Reciprocating 

Force Remains Constant in Intensity for Every Crank Position 

during a Complete Revolution and That Only the Horizontal Com- 
ponent Varies in Direction and Intensity 


shown in Fig. 4. It will be seen also that the horizontal- 
component forces corresponding to these same two cranks 
are identical in intensity and direction, and that they are 
separated by the same axial distance as the radial-com- 
ponent forces. 

Similarly, for cranks Nos. 2 and 3, corresponding re- 
spectively to positions Nos. 6 and 18 in Fig. 3, the radial 
forces are equal in intensity and opposite in direction, 
the horizontal-component forces are identical in intensity 
and direction, and each of these two pairs of forces is 
separated axially along the shaft by the distance between 
the mid-positions of cranks Nos. 2 and 3. 

It will be noted further that the horizontal-component 
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Fic. 4—THE ANGULAR RELATION OF THE FOUR CRANKS OF A CADILLAG 
V-63 ENGINE 
In This Diagram Crank No. 1 Is 15 Deg. to the Left of a Vertical 
Plane, Cranks Nos, 2 and 3 Are 90 Deg. to the Right and the Left 
Respectively of Crank No. 1, and Crank No. 4 Is 180 Deg. from 
Crank No. 1. These Positions Correspond to Nos. 24, 6, 18 and 12 
Respectively in Fig. 3 
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forces for cranks Nos. 2 and 8 act in the opposite direc- 
tion to the corresponding forces for cranks Nos. 1 and 4 
and all are equal in intensity. Recalling that the horizon- 
tai-component forces are misplaced for convenience of 
description and that they act through the axis of the 
crankshaft bearings, and noting that the center of 
gravity of the horizontal-component forces for cranks 
Nos. 2 and 8 is coincident with the center of gravity 
of the horizontal-component forces for cranks Nos. 
1 and 4 for the positions mentioned, it is evident that 
these horizontal components of the reciprocating forces 
are in equilibrium. 

Upon further inspection of Figs. 3 and 4, it will be 
observed that, for every angular position of the crank- 
shaft, the horizontal-component reciprocating-forces 
corresponding to cranks Nos. 2 and 3 are equal to and 
opposite in direction to the corresponding forces occur- 
ring simultaneously for the other two cranks. Therefore, 
since the center of gravity of these forces for cranks 
Nos. 2 and 3 are coincident with the center of gravity 
of the forces for the other two cranks, they always 
balance in every angular position of the crankshaft and, 
therefore, can have no influence in producing vibration. 
However, the radial components of each of the reciprocat- 
ing forces for cranks Nos. 1 and 4, always acting in the 
direction of their respective cranks, produce a couple in 
the plane of these cranks. Likewise, a couple is produced 
in the plane of cranks Nos. 2 and 3. These couples, each 
tending to impart a wabbling action to the crank, com- 
bine to produce vibration in the engine. The individual 
forces of these couples being radial, constant in magni- 
tude and in synchronism with the cranks, can be counter- 
acted by the addition of weights located diametrically 
opposite. To facilitate practical construction, these 
weights can be divided and applied to the prolongation of 


72 ‘DHE JOURNAL OF THE SOCIETY OF AUTOMOTIVE ENGINEERS 


January, 1924 No. 1 





Fic. 6—A COMPLETED CRANKSHAFT 


In Production Practical Dynamic Balancing of Bach Counter- 

weighted Shaft Is Secured by Adding to the Crankpins Con- 

centric Weights of a Magnitude Calculated To Produce Forces 

Identical with Those Generated by the Piston and the Connecting- 
Rod Assemblies When the Engine Is Running 


the cheeks adjacent to the crankpins, as shown in the 
left-hand drawing of Fig. 5. 

The centrifugal force produced by the lower end of a 
pair of rods, bushing, crankpin, cheeks and the like can 
also be balanced by providing weights in the prolonga- 
tion of the adjacent cheeks, thus increasing each of the 
weights required for radial components of the reciprocat- 
ing forces. 


ARRANGEMENT OF COUNTERWEIGHTS 


To facilitate production, the counterweights on the 
Cadillac crankshaft are arranged differently, to a slight 
degree, than is shown at the left of Fig. 5. The weights 
a that form a couple are replaced by weights b shown 
dotted in the central drawing, which form an equal 
couple, these being added to the existing weights, a, at 
these points. To produce a symmetrical weight symmetri- 
cally arranged on the intermediate cheeks, the weights b 
are added to the existing weights a by reducing the size 
of the pair of end weights, properly, as is indicated by 





Fic. 5—How THE BALANCING WEIGHTS APPLIED TO THE CRANKSHAFT WERE DEVELOPED 
At the Left the Weights Are Shown Divided and Applied to the Prolongation of the Checks Adjacent to the 


Crankpins To Facilitate Practical Construction. 


In the Next Step the Weights a in the Central Drawing Are 


Replaced by the Weights b and To Produce a Symmetrical Weight Symmetrically Arranged on the Intermediate 
Checks the Weights b, Are Added to the Weights a, and the Size of the Pair of End Weights Is Reduced as Shown 


by the Dotted Lines. 


The Final Arrangement Is Shown Diagrammatically in the Drawing at the Right in Which 


the Two Weights on the Intermediate Checks, Which Are Represented by Dotted Lines, Are Replaced by the 


Resultant Weights Shown in Full Lines and the End-Check Weights Are Reduced 
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the dotted lines. Finally, the two weights on each of the 
intermediate cheeks, shown dotted in the drawing at the 
right, are replaced with resultant weights that are shown 
in full lines which, with the pair of reduced end-cheek 
weights, indicate diagrammatically the arrangement of 
counterweights used on the Cadillac crankshaft. 


DYNAMIC BALANCE 


Obviously, a shaft of this type per se is not in dynamic 
balance. In fact, its dynamic unbalance must be such 
as to oppose exactly the forces caused by the piston and 
the connecting-rod assemblies. In production, practical 
dynamic balance of each counterweighted shaft is se- 
cured by adding to the crankpins, as shown in Fig. 6, 
concentric weights of a magnitude calculated to produce 
forces identical with those generated by the piston and 
the connecting-rod assemblies when the engine is run- 
ning, the crank assembly then being balanced in a 
dynamic balancing-machine. 

From the description already given and from refer- 
ence to Figs. 3 and 4, it will be seen that the resultant 
radial force produced by the reciprocating masses of a 
pair of piston and connecting-rod assemblies is equal 
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to the force produced by the reciprocating masses of a 
pair of piston and connecting-rod assemblies is equal to 
the force produced by concentrating at the crankpin a 
weight equivalent to the reciprocating portion of a single 
piston and connecting-rod assembly. If to this weight 
we add the weight of that portion of a pair of pistons 
and connecting-rods which revolves about the crankshaft 
center, we will have the proper weight to be placed on 
each of the crankpins while dynamically balancing the 
crankshaft assembly. 

The method used to proportion the weight of a connect- 
ing-rod between reciprocating and revolving masses is 
to support the connecting-rod horizontally at the axis of 
the holes at the two ends and determine the weight at 
these points. The weight of the upper portion of a 
connecting-rod, together with the weight of its piston 
assembly, is considered to be reciprocating weight. The 
weight of the lower ends of a pair of connecting-rods, 
including the crankpin bushing, is considered to be the 
revolving weight. The total of these two weights is the 
weight required to be concentrically disposed on each of 
tre crankpins while dynamically balancing the crank- 
shaft assembly. 


PROVIDING THE ENGINEER WITH SERVICE DATA 


(Concluded from p. 67) 





the first trouble being represented by an open circle, the 
second trouble by one-fourth of the circle being blackened, 
and so on until five troubles blacken the entire circle, 
forming a dot. If desirable, colored tacks or glass-headed 
pins can be used for the same purpose. Ink dots are 
practically as convenient as tacks and make a permanent 
record. This is the arrangement recommended if the 
records are to be of the greatest service. 

The value of this record is determined entirely by the 
cooperation one can get from the various service-stations; 
a problem to be worked out independently by each organi- 
zation. Just how this is approached is governed by past 
experiences with representatives in the field. We believe 
that no difficulty would be experienced in the field if 
proper personal contact between the service department 


and the service garage were established by periodical vis- 
its of a representative who would help the latter in the 
conduct of its business. 

In using a chart system of this nature, it is very de- 
sirable to confine oneself to a nomenclature that will per- 
mit comparisons between different makes of car. While 
none of us desires to provide his competitors with a list 
of the weaknesses of his own products, we are all inter- 
ested in eliminating the weaknesses of our products. 
Moreover, the competitive cooperation that has been in- 
strumental in making the automobile industry the third 
largest business of the Nation will also do much to elim- 
inate the large number of dots we find under some of the 
headings, common to all cars, a condition for which there 
should be no excuse. 





HUGGING ““TRADE SECRETS” 


WE all know the engineer who keeps the little that he 
knows bottled up so tightly that it shrinks for want of 
an occasional airing. He goes to the meetings of his society 
or association and picks up what he can from the sideline 
but never contributes any of his own ideas or knowledge. 

He seems to feel that if the other fellow knows as much 
as he does, the other fellow will be as big an engineer as he is, 
and that he will suffer by comparison. It is a matter of 
relativity with him. He expects to keep ahead by keeping 
the other fellow back. Watch him dry up and go to seed. 

The man who gives the best that there is in him to his 
associates in the association and elsewhere gets the most out 
of life and out of the association. He gets a new grip on 
things by telling them, gets the benefit of the knowledge 


T is certain that there are a great many articles of every- 
day use in which the manufacturer would indeed be glad 


to undertake some cooperation in standardization, from 
which the saving in national effort would be interpreted not 





that their discussion brings out, perhaps corrects some mis- 
conceptions. New ideas replace or amplify those that he has 
culled and he keeps on growing bigger and brighter. And 
when a leader is wanted or somebody is looking for a man 
who knows things, he is the object of everybody’s good will 
and the outstanding man for the position. 

The same thing is true of firms and corporations. Many 
of them have dried up and gone to seed hugging a withering 
bunch of trade secrets and inside information, which usually 
their competitors know all about; while others, with the 
broader view, have come up and written themselves to the 
front with real contributions to the good of engineering in 
general and to that of their class of service in particular.— 
F. R. Low in Power. 


WASTE IN INDUSTRY 


into millions but into billions of dollars. This does not mean 
we stamp the individuality out of manufacture or invention 
or decoration. It means basic sizes for common and every- 
day things.—Herbert Hoover. 
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TENTATIVE STANDARDIZATION WORK 


Criticism of all tentative reports 
should be sent to the Standards 
Committee in care of the Society 





S. O. WHITE SUBMITS REVISED REPORT 





Alternate Construction Permits Mounting of Side-Gears 
in Case or Spider 


During the last 2 years the Subdivision on Differentials of 
the Axle and Wheels Division has been working on the stand- 
ardization of four-pinion differentials. Its first report was 
published in the January, 1923, issue of THE JOURNAL on 
p. 124. 

As a result of comments received by the Subdivision of 
which S. O. White of the Warner Gear Co. is chairman, the 
report was revised and certain dimensions, unnecessary to 
obtain interchangeability, eliminated; the complete report 
being extended to permit mounting the side-gears in the 
case as well as in the spider. The Subdivision report, revised 
as outlined, is given in the accompanying illustrations and 
tables. During the preparation of this report the Subdivision 
worked in collaboration with the differential gear committee 
of the American Gear Manufacturers Association, the per- 
sonnel of these two committees being overlapping to some 
extent. 

As the recommendation represents to a large extent a 
natural crystallization of practice, the existence of the de- 
signs in the S.A.E. HANDBOOK as recommended practice 
will greatly simplify the problems of the differential manu- 
facturers who are now obliged to produce an immense number 
of designs differing only in unimportant details. 

In order that the recommendation may meet the require- 
ments of the best engineering practice, the Subdivision does 
not desire that the report be submitted to the Standards 
Committee at the January Meeting, but held over until the 
Summer Meeting so that the members of the Society will 
have ample time to analyze the report and submit sugges- 
tions as to revisions or additions that would make the pro- 
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PINION DATA 

Diametral Pitch 5-7 
Pitch Angle, deg.-min. 29-3 
Face Angle, deg.-min. 33-1 
Chordal Thickness, in.’ 0.3153 
Corrected Pitch Depth, in. 0.1505 
Addendum, in. 0.1429 
Dedendum, in. 0.1785 
Block Angle, deg.-min. 4-57 
Pressure-angle, deg. 20 





1Chordal thickness of 0.3153 in allows for 0.0060-in. 
backlash. 





posed Standard of more value to the industry. Comments 
and criticisms submitted to the Society will be referred to the 
members of the Subdivision. 
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PINION DATA 
Diametral Pitch, 5-7 
Pitch Angle, deg.-min. 28-49 
Face Angle, deg.-min. 32-24 
Chordal Thickness, in.’ 0.3130 
Corrected Pitch Depth, in. 0.1530 
Addendum, in. 0.1429 
Dedendum, in. 0.1785 
Block Angle, deg.-min. 4-22 
Pressure Angle, deg. 20 
2Chordal thickness of 0.313 in. allows for 0.006-i: 
backlash. 


18-Tooth Side-Gear for Spider Mounting 
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backlash. 
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20-Tooth Side-Gear for Spider Mounting 18-Tooth Side-Gear for Case Mounting 
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Pressure Angle, deg. 20 Pressure Angle, deg. 20 
: *Chordal thickness of 0.308 in. allows for 0.006-in. 5Chordal thickness of 0.3093 in. allows for 0.0060-in. 
backlash. backlash. 


Two-Piece Case for Spider and Case Side-Gear Mountings 
= 


= 

















Slot for Removing 


Bearings Slot for Rerroving’ 


‘ Bearings 
eh a 














CASE DIMENSIONS FOR SPIDER AND CASE SIDE-GEAR MOUNTINGS 
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20-Tooth Side-Gear for Case Mounting 
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CLUTCH STANDARDIZATION IMPRACTICAL 


Transmission Division Discontinued Subject Because of 


Changes in Design 


The standardization of clutch housings was undertaken 
over a year ago at the request of clutch manufacturers who 
were of the opinion that standardization would be highly 
advantageous to the clutch manufacturers and users. A pre- 
liminary recommendation was drawn up early last year and 
published in the May, 1923, issue of THE JOURNAL on p. 488. 
The dimensions, the standardization of which was considered 
necessary to obtain interchangeability, were 


(1) The distance from the flywheel face to the rear 
throw-out position of the clutch sleeve 

(2) The position of the throw-out yoke for the pull- 
sleeve type of clutch 


It was recognized by the Subdivision that the greater the 
distance from the flywheel to the rear throw-out position, 
the greater the weight of the housing and the consequent 
overhang of the transmission, which would work a decided 
hardship on the large producers. A dimension of 6% in. was 
therefore selected. Dimensions of 1% and 1% in. were pro- 
posed for the location of the throw-out yoke, these dimen- 
sions being from the center-line of the crankshaft and the 
face of the flywheel housing respectively; these being selected 
as providing a satisfactory position that would also permit 
a reasonable pedal-ratio for both multiple-disc and single- 
plate clutches. 

At a joint meeting of the Engine and the Transmission Di- 
visions held at Chicago in October it was recognized that im- 
portant changes in clutch design are taking place which tend 
toward shortening flywheel and clutch housings. As it was 
felt that the proposed standard, if approved, would not be 
adopted in practice, it was decided that the standardization 
of clutch housings should be discontinued until the push-type 
of clutch shall have been developed sufficiently to warrant 
standardization. 

The personnel of the Subdivision that has been studying 
the subject, is 


D. E. Gamble, Chairman Borg & Beck Co. 

L. C. Fuller Fuller & Sons Mfg. Co. 
R. C. Merchant Covert Gear Co. 

H. W. Sweet Brown-Lipe Gear Co. 
C. E. Swenson Mechanics Machine Co. 
C. G. Wood Hoosier Clutch Co. 


PILOT BEARINGS TO BE CONSIDERED 





Plain Type of Bearing Used to Greater Extent and 
Merits Standardization 


At the last meeting of the Engine Division it was con- 
sidered that the present standard for the disc-type of fly- 
wheel housing should be extended to include dimensions for 
plain transmission-shaft pilot bearings inasmuch as the plain 
type of bearing is being used to a greater extent, superseding 
ball bearings for this application. 

The present standard specifies a 2.0472-in. bore in the fly- 
wheel web and a 1%-in. minimum diameter and a 1/16-in. 
minimum depth for the counterbore in the crankshaft, which 
are considered satisfactory for both ball and plain pilot-bear- 
ings. The Engine Division is therefore obtaining information 
from engine builders, as well as from passenger-car and 
motor-truck companies building their own engines, as to 


— 


cul 
be 
sio 


— rH a 


3s na * 2, we 





an 













Vol. XIV 


current practice for plain bearings in order that they may 
be in a position to make a recommendation covering dimen- 
sions A, B and C shown in the accompanying illustration. 


FISHER HEADS NEW SUBDIVISION 


At the October meeting of the Engine Division, the Sub- 
division on Poppet Valves was reappointed because of changes 
in business connection of several of the original Subdivision 
members. The original Subdivision was appointed in 
August, 1922, and presented a preliminary report that was 
printed in the April, 1923, issue of THE JOURNAL on p. 406. 
The new personnel of the Subdivision is 


J. B. Fisher, Chairman Waukesha Motor Co. 

L. F. Burger International Harvester Co. 
Robert Jardine Rich Tool Co. 

S. 0. White Warner Gear Co. 


The preliminary report is to be submitted to valve and 
engine manufacturers for comment in order that the Sub- 
division members may be in a position to revise it to meet 
the consensus of opinion as to the best engineering practice. 
Chairman Fisher is of the opinion that the dimensions should 
be limited to those absolutely necessary to obtain inter- 
changeability of valves, regardless of whether they are made 
of iron, steel or any other metal. 
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DECEMBER COUNCIL MEETING 


HE meeting of the Council held on Dec. 17 in New York 

City was attended by First Vice-President Crane, Second 
Vice-President Masury and Councilors Gurney, Scott and 
Scaife. H. L. Pope and M. P. Rumney, nominees for the 
1924 Council, were also present. 

The financial statement as of Nov. 30, 1923, showed a net 
balance of assets over liabilities of $146,404.54, this being 
$21,777.88 more than the corresponding figure on the same 
day of 1922. The net revenue of the Society for the first 
2 months of the current fiscal year amounted to $38,790.19. 
The operating expense during the same period was $33,980.75. 

Forty-seven applications for individual membership and 
one for affiliate membership were approved. The following 
transfers in membership grade were made: From Junior to 
Member, Charles Henry Boone, Charles J. Faber, C. S. 
Kegerreis, Edwin M. Post, Jr., John Wiggers, Willard R. 
Vohrer, Kenneth J. Boedecker, John T. Liggett, Philip L. 
Seott; Member to Service Member, H. A. Knox; Foreign 
Member to Member, Mario L. Luiggi; Junior to Associate, 


James B. Franks, Jr., J. Charles Hooper, Carl R. Chrisman, 
Paul Ehlers, Walter F. Babcock; Associate to Member, Ray- 
mond W. Dunster, T. W. Farnsworth, Jack B. Davis; Junior 
to Foreign Member, E. H. Siddeley; Associate to Foreign 
Member, Frederick J. Hughes. 

It was reported that up to Dec. 15, 19238, 718 applications 
for membership, including student enrollment, had been re- 
ceived during 1923, as compared with 835 received during 
1922. 

The following additional appointments to the Motorboat 
Division of the Standards Committee were approved: 
Thomas D. Bowes, William H. Hand, Jr., John H. Wells and 
Wilbur H. Young; also representatives from following com- 
panies: Durkee & Co., Geo. B. Carpenter & Co., Rostand 
Mfg. Co., Society of Naval Architects and Marine Engi- 
neers, W. & J. Tiebout, Wilcox Crittenden Co. and E. J. 
Willis Co. 

The next meeting of the Council will be held on Jan. 10 
in New York City. 





ON THE NATURE AND EFFECT OF STANDARDS 


TANDARDIZATION is arbitrary. That is the basis on 
which it starts. The question is this: If we give due 
consideration to the proper claims of all interested parties, 
is this arbitrary standardization worth while? If so, the 
question is really: What does such arbitrary standardization 
lead to in the relations between the supplier and the user? 
I will grant that the commercial tendency is to supply 
all the demands of the users and, as one would expect, a 
consequent large demand. I represent two organizations 
that last year undertook to standardize the steam turbine. 
We started by trying to standardize the sizes of the steam 
turbine. We had the builders with us, and they were as 
usual between the devil and the deep sea. The users de- 
manded certain very closely spaced sizes, and the builders 
naturally wanted to meet the users’ demands. On the other 


hand, the users were complaining about the cost of the unit. 

It is obvious that if a man makes 6 sizes over a given 
range instead of 12, the units will be cheaper in the case 
of such things as steam turbines; and we finally agreed 
upon certain standards, and sooner or later, if I am not 
mistaken, those sizes will be the standards of steam turbines 
in this Country. 

It does not mean that you cannot buy other sizes, but that 
when you want a steam turbine you will buy the standard 
or pay the burden that you put on the industry. 

It is not a question of whether some of us want standard- 
ization and some of us do not. Standardization is forced 
on us. If we are to survive commercially we must standard- 
ize—C. F. Hirshfeld, before the American Society of 
Mechanical Engineers. 




















































MEETINGS OF THE SOCIETY 





ANNUAL MEETING THIS MONTH 





National Gathering to Be Held in General Motors 
Building, Detroit, Jan. 22 to 25 


Regardless of what your particular automotive engineer- 
ing activity may be, the Annual Meeting program published 
on this page should influence you to be present in Detroit on 
Jan. 22 to 25. It is generally recognized that the primary 
function of the Society is educational and this group of 
papers and discussions has been assembled for the specific 
purpose of presenting worthwhile engineering information. 
Any description of the papers in this brief announcement can 
hardly be adequate, but the names and the professional stand- 
ing of the several authors should suffice as evidence of their 
value. 

Do not forget that reduced-fares can be secured on the 
railroads during the Annual Meeting period. Details of the 
plan are given on p. 80. If you have not made hotel 
reservations, this should be attended to without delay. Write 
direct to the Hotel Statler, the Tuller or the Wolverine and 
say that you will attend the Annual Meeting of the Society 
of Automotive Engineers; this will assure special attention. 
Then there is the matter of a reservation for the Carnival. 
This gay party. is described on p. 80; application for tickets 
should be forwarded early if you wish to secure the choice 
table locations. 


NEw S.A.E. STANDARDS TO BE PRESENTED 


Many important recommendations of new S.A.E. Stand- 
ards will be presented for discussion at the annual meeting 
of the Standards Committee of the Society, which opens at 
10.30 a.m., Eastern Standard time, Tuesday morning, Jan. 22. 
Read these additions and revisions as reported on p. 37 of 
this issue and come to the meeting prepared to discuss them. 
Discussion of the Standards reports will continue into the 
afternoon session of the Committee, which will begin at 2 
o’clock. 

FoR THE BoDY ENGINEERS 


Men engaged in the design and construction of passenger- 
car bodies will find a very complete program arranged es- 
pecially for them. Two Body Engineering Sessions will be 
held, the first on Tuesday afternoon and the second on Wed- 
nesday afternoon. New developments in the use of casein 
glues for motor-car bodies will be presented by W. A. Hen- 
derson, a body engineer of long experience, who is now con- 
nected with the Casein Mfg. Co. Arthur T. Upson and Ley- 
den N. Ericksen, of the Forest Products Laboratory, will 
read a paper on woods for automobile bodies and offer some 
suggestions on standard sizes of lumber, with the intention 
of reducing body costs. K. L. Herrmann, of the Studebaker 
Corporation of America staff, will read a paper on leather 
for automobile trimming, devoted in large part to a descrip- 
tion of the testing methods used to determine the important 
qualities of hides in the inspection department. 

In the Wednesday session, Prof. Edwin F. Baker, of the 
University of Michigan, will report the results of research 
to increase the durability of nickel-plating on steel, describ- 
ing a valuable new process that has proved successful in prac- 
tice. A plant using this process will be inspected directly 
after the meeting. Charles Widman will give an illustrated 
description of a new type of closed body, the panels of which 
are enameled and baked before being mounted on the wooden 
body structure. H. T. Strong, of William Wiese & Co., will 


1 See remarks on p. 2. 
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tell something about the newer trimming materials for closed 
cars and discuss style tendencies. W. H. Jones of the C. R. 
Wilson Body Co., will lead a discussion on the effects of dry- 
ing-oven temperatures on wooden body structure. 


AERONAUTICAL SESSION 


One of the outstanding papers of the Annual Meeting will 
be read in the Aeronautical Session, on Tuesday afternoon, 
by Starr Truscott. This will be a technical description of the 
engineering work on which the design of the Navy airship 
Shenandoah was based. It will not be a mere description of 
the ship itself, but rather a presentation of the intensely 
valuable research work done by the Navy and the industry 
to surpass the technique of the German engineers who pio- 
neered the development of the rigid type of airship. Re- 
liability of engines for aircraft will be discussed in a paper 
to be read by George J. Mead, chief engineer of the Wright 
Aeronautical Corporation. Lieut. A. J. Lyon, of the McCook 
Field engineering staff, will contribute a paper on light 
alloys for use in airplane engines. It is possible that other 
aeronautical papers will be secured, in which case an addi- 
tional session will be held Wednesday afternoon. 


ORDNANCE TALKS AND THE BUSINESS SESSION 


The session on Tuesday evening will be addressed by two of 
the Army’s leading ordnance officers, Brigadier-General J. W. 
Joyes and Brigadier-General C. L’H. Ruggles. They will 
describe the latest engineering progress made in ordnance 
materiel, particularly those units that are automotive and 
would be built by our industry in case of a National emer- 
gency. These talks will be profusely illustrated with mo- 
tion pictures showing the guns, tanks and other ordnance 
materiel in actual use. 

Directly following the talks by the Ordnance officers, the 
Annual Meeting of the Society will be called to order. Presi- 
dent Alden and the president-elect will address the members 
on the work of the past year and that planned for 1924. One 
of the most important matters before the Society is the re- 
lation of the parent body to the several Sections. There is 
a demand in some parts of the Country for re-establishment 
of the old form of Section Associate with somewhat more 
stringent regulations. It is also desired by some Section 
workers that the Society dues be raised to make all members 
living in Section territories members of the Sections without 
payment of local dues. Undoubtedly these two questions will 
be discussed at the Business Meeting and that makes it 
doubly important that those having views to express on either 
of these matters be present to participate in the discussion.’ 


TRUCK AND MOTORBUS TRANSPORTATION 


One of the sessions on Wednesday afternoon will be devoted 
to a discussion of the coordination of railroad and motor- 
truck transportation. This discussion will be based upon the 
recent report of the special committee of the United States 
Chamber of Commerce, which studied with great care the 
best means of using the motor truck as an adjunct of the 
Nation’s rail and water transportation media. The discus- 
sion will be opened by R. C. Wright, general traffic manager 
of the Pennsylvania Railroad System. Many other men 
prominent in the transportation field have agreed to be pres- 
ent and submit their views, among them L. R. Gwyn, of the 
American Railway Express Co., and Arthur T. Waterfall, of 
Dodge Bros. This session will appeal to executives and en- 
gineers engaged in the design and the construction of motor 
trucks, as well as to the transport engineers who are operat- 
ing large fleets of freight vehicles. 
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Motorbus design, operation and application will be the 
topic of the session on Thursday afternoon. The Society has 
been especially fortunate in securing R. W. Meade to present 
the opening paper. Mr. Meade pioneered the introduction of 
the motorbus in this Country and has established successful 
lines on Fifth Avenue in New York City, in Detroit, Toronto, 
St. Louis and other cities. An eminent public-utility en- 
gineer, J. E. Emory, will read a paper on the proper 
place of the motorbus in urban transportation. In addition, 
the following authorities have agreed to be present and dis- 
cuss the papers: E. E. Moore, of Cleveland; Vincent Keenan, 
of Providence; R. E. Plimpton, of Bus Transportation, New 
York City, and Boyd V. Evans, of Detroit. 


BRAKES: AND BRAKING PERFORMANCE 


Henri Perrot, a pioneer 
in four-wheel brake devel- 
opment in Europe, will ad- 
dress the members at the 
Brake Session, which will 
be held Wednesday morn- 
ing. He will give a care- 
fully prepared paper set- 
ting forth good and bad 
points in the design of 
four - wheel braking sys- 
tems, so that engineers 
may profit by his broad 
experience and avoid de- 
sign errors. W.S. James, 
of the Bureau of Stand- 
ards staff, will discuss in 
a comprehensive way the 
results of the Bureau’s ex- 
tensive study of automo- 
bile braking performance. 
Due to the use of ingeni- 
ous instruments developed at the Bureau of Standards, these 
tests are most enlightening. The test results and observa- 
tions are reliable and unprejudiced. Mr. James will give 
demonstrations of a recording decelerometer and other in- 
teresting apparatus at the meeting. George L. Smith will 
read a paper on brake equalization. 
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FUELS, ENGINES AND KINDRED SUBJECTS 

No automotive engineering meeting would be complete 
without papers on the all-important subject of fuel. One of 
the simultaneous sessions on Thursday afternoon will be the 
occasion of the presentation of papers relating to this field. 
A. M. Dean, of the Swan Carbureter Co., will read a paper 
describing the unconventional type of manifold developed 
by John W. Swan, the paper including quantitative tests to 
indicate the particular advantages of this design. C. S. 
Kegerreis, of Purdue University, will offer a paper on the 
metering characteristics of present-day carbureters as com- 





Tuesday, Jan. 22 








Morning Registration 
Standards Commit- 


tee Meeting 














Standards Commit- 
tee Meeting 

Body Session 

Aeronautic Session 


Afternoon 


Session 





Evening Body Engineers’ 
Supper 

Talks on Army 
Ordnance 

Annual Business 


Meeting 


Arrangement of Sessions at Annual Meeting 


Wednesday, Jan. 23 
Brake Session 


Truck Session 
Body Session 
Fuel and Engine 


The Carnival 





MEETINGS OF THE SOCIETY 79 





pared with the ideal carbureter. Prof. G. A. Young and J. 
H. Holloway of the same institution will pesent the results 
of their research work on the control of detonation at high 
compression-pressures. N. S. Diamant will read a paper on 
automobile radiator design. 

Thomas Midgely, Jr., will open the Thursday morning 
session with a paper on detonation control and give demon- 
strations of flame travel in a single-cylinder engine that has 
quartz inserts in the cylinder walls so that the actual flame 
can be observed while the engine is in operation. Roger 
Birdsell, one of the survivors of the deplorable explosion at 
the Bureau of Standards laboratory, will read a paper giving 
the results of further research work at the Bureau in the 
matter of fuel volatility. Part of his conclusions will be based 
on the results of tests that were in progress at the time of 
the explosion. His paper will be supplemented by a report 
of the Society’s Research Department on the same subject. 
Both of these papers will discuss the matter of crankcase- 
oil dilution and its relation to fuel volatility. An experi- 
mental engine of the constant-compression type will be 
described in a paper by C. E. Sargent, as the concluding 
paper of this session. 


PRODUCTION SESSIONS 


It is not possible to announce the complete program for 
the production meetings at this time, but present plans call 


_ for the conduct of two sessions on Friday, one in the morn- 


ing and another in the afternoon. Papers will be read by 
Gordon Lefebvre, of the Chevrolet Motor Co.; Thomas Nadin, 
of Rolls Royce of America; T. B. Fordham, of the Delco 
Light Co.; A. A, Brown, of the Chandler Motor Car Co.; a 
representative of the Cleveland Automobile Co., and others. 
This program will be announced in the special issue of The 
Meetings Bulletin that will be mailed from New York on 
Jan. 12. 


NON-MEMBERS MUST PAY FEE 





Will Be Required to Pay for Privilege of Attending 
Detroit Sessions 

All non-members of the Society who wish to attend the 
sessions at the Annual Meeting in Detroit will be required 
to pay a registration fee of $2 for this privilege. Members 
will be entitled to attend all of the sessions without charge, 
as in previous years. The Detroit Meeting will cost the 
Society a substantial sum of money and it is logical that 
those who wish to secure its benefits and who do not con- 
tribute to the support of the meeting through the payment 
of dues should be expected to pay a share of the expense. 
Admission to all sessions will be restricted to those wearing 
buttons that will be issued at the registration desk. This 
new regulation should be borne in mind by members who 
plan to bring non-member guests to the meeting. The fact 
that a non-member is a guest of a member will not entitle 
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him to admission without the payment of the $2 fee. This 
fee will be the same whether a non-member attends all ses- 
sions or only one of them. 


REDUCED RAILROAD-FARES 


Society members and their dependents living within the 
shaded regions on the accompanying map can purchase re- 
turn tickets from the Annual Meeting in Detroit at half- 
fare. Note the following directions carefully: 

(1) Buy tickets to Detroit between Jan. 18 and 24 

(2) Ask the agent for a Reduced-Fare Certificate, 
not a receipt 

(3) Present signed certificate for validation at 
the Transportation Desk in the General Motors 
Building, Detroit, immediately upon arrival in 
the city 














HALF-RATE RETURN ZONE 


Members Living in the Shaded Area Who Attend the Annual Meet- 
ing at Detroit Can Purchase Return Tickets for Themselves and 
All Dependent Members of Their Families Who Accompany Them 


(4) Certificates will be validated from Jan. 22 to 
25 in Detroit. Do not plan on returning before 
the first of these dates as no certificates can be 
validated before 250 have been received. Arrive 
before the last date given as no certificates can 
be validated later 

(5) Validated certificates entitle you to one-half fare 
returning over the same route as you came, if 
purchased before Jan. 29 in Detroit 

(6) Reduced-fare return tickets are not good on 
certain limited trains. Consult agent regarding 
this 

(7) It must be understood that the reduction on 
the return journey is not guaranteed, but is 
contingent on the attendance of not less than 
250 members and dependent members of their 
families 

(8) The Society is held accountable under the Inter- 
state Commerce laws for any violation of the 
agreement limiting the reduced-fare privilege 
to members and dependent members of their 
families. Regardless of any assurance given by 
local railroad officials or others, absolutely no 
certificates will be validated unless they are pre- 
sented by persons whose membership is evidenced 
by our records. Applicants for membership are 
not considered as members 








ORDER CARNIVAL TICKETS NOW 


Ticket applications for that scintillating, spectacular and 
spell-binding event, the Carnival, flow into the New York 
City office without interruption in every mail. One thing is 
certain; this particular Carnival will assemble one of the 
largest social gatherings in the history of the Society. The 
moral to this tale is a simple one; get your tickets early. 
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Remember that this will be a variation of the popular 
dinner-dance, with all guests seated at reserved tables. There 
will be many entertainment features and, of course, you 
want your party seated close to the center of things. That 
cannot be done for everybody and the natural result is the 
enjoyment of front-row advantages by the farsighted who 
buy tickets now. 

Tickets can be ordered on the application blank mailed to 
all members on Dec. 18, or you can apply for them by letter 
if the blank did not reach you. The price for gentlemen is 
$6; for ladies $38. Tables seat 2, 3, 4, 5, 6, 8 or 10. Oriole 
Terrace, Detroit’s finest dancing establishment, will play 
host to this gay party and the date is Wednesday, Jan. 23. 
We will see you amidst the balloons, confetti and bright 
lights—if you order tickets now and avoid disappointment. 


DESIGN OF COAST-GUARD BOATS 





Anti-Rum-Runners to Be Discussed at the Motorboat 
Meeting in New York City 


Everyone engaged in the construction of motorboats, their 
engines and accessories is intensely interested in the 
proposed construction of a vast fleet of anti-bootleg motor- 
boats of a high-speed type for the United States Coast Guard. 
President Coolidge recommended in his recent message to 
Congress that $20,000,000 be expended in adding to the 
Coast-Guard equipment, a major part of this fund to be 
used for the purchase of specially designed speed-boats to 
combat rum-running. Capt. Quincy B. Newman, chief en- 
gineer of the Coast Guard, will address the members at the 
Motorboat Meeting in New York City on Jan. 9, for the 
purpose of discussing with them the plans for the new equip- 
ment that will be needed if this appropriation is passed by 
Congress. His talk will be illustrated and he is anxious 
to have our members come to the meeting prepared to offer 
constructive criticisms of the proposed designs. In addition, 
George F. Crouch, well-known designer of motorboats, will 
read a critique of motorboat engine and equipment designs 
from the viewpoint of the naval architect. 

Following the technical meeting, which will start promptly 
at 10:00 a. m., the Annual Motorboat Luncheon will be held. 
This is an informal social function arranged for the purpose 
of promoting acquaintance among motorboat men in general. 
Both of these gatherings will be held in the Hotel Commo- 
dore, Wednesday, Jan. 9. 





BRAKES, TWOS OR FOURS? 





Indiana Stages Bout with a Punch in Which Traffic 
Officers Participate 


Few of the sessions of our Society require the presence of 
police officers, but the Dec. 6 meeting of the Indiana Section 
would have been incomplete without them. The 150 mem- 
bers and guests who gathered for the dinner that preceded 
the meeting were duly impressed with the dignity of the oc- 
casion when they beheld officers Owen and Sweeney in uni- 
form seated at the speakers’ table, and several of their 
collagues scattered among the crowd. 

After the tables had been cleared and about 150 more mem- 
bers admitted, Chairman F. F. Chandler announced that 
officer Owen would present his views on four-wheel brakes. 
This he did in no uncertain terms. But as he became well- 
launched in his very vehement tirade against the use of 
brakes on all four wheels, it was apparent that officer 
Sweeney was not in entire agreement with the views ex- 
pressed. In fact, he interrupted the speaker to announce 
that Owen was not speaking for the Indianapolis police de- 
partment but for himself, and he added, “Owen is not quali- 
fied to speak on this subject for he has never driven anything 
but a Ford.” This remark was the unkindest cut of all for 
Owen, who stepped up to Sweeney, and they were off. A very 
spirited fistic encounter was finally quelled by a fellow officer 
assisted by members of the audience, and Sweeney and 
Owen, down but not out, returned to their places. 
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Introducing the next speaker Chairman Chandler remarked 
that the committee had decided to have the officers there to 
show the members what to expect of the discussion that was 
to follow. 

TESTS OF BRAKE PERFORMANCE 


Under the direction of W. S. James, the Bureau of Stand- 
ards has gathered a considerable quantity of extremely in- 
teresting and valuable material on braking characteristics 
of cars equipped with various types of brakes and tires. This 
work was designed as a basis for simple tests of brake per- 
formance which can easily be applied by traffic-control au- 
thorities and other interested parties. The data have been 
obtained with a recording decelerometer designed and con- 
structed at the Bureau and described in detail in the Decem- 
ber issue of THE JOURNAL, on p. 499. 


INDICATING DECELEROMETER 


In addition to the recording model Mr. James showed a 
decelerometer of the indicating type with scale graduations 
in feet-required-to-stop from a speed of 20 m.p.h. In prin- 
ciple of operation this instrument is identical with the re- 
corder, but without the recording device it is somewhat 
smaller and simpler in construction. A pendulum suspended 
from the top transmits its motion through a suitable linkage 
to the indicating pointer; means for damping are provided. 
In testing a car it is necessary only to place the decelerometer 
on the floor and note its indication as the car is brought to 
a stop. 

Mr. James repeated the paper presented before the New 
England Section in November, an abstract account of which 
will be found on p. 522 of the December issue of THE JouR- 
NAL. 

ADVANTAGES OF HYDRAULIC BRAKES 


One of the great advantages of hydraulic brakes men- 
tioned by Chester S. Ricker, of the Duesenberg Auto & Mo- 
tors Co., was the elimination of difficulties encountered in 
mechanically connecting the brake pedal with the front 
wheels. These were stated as, (a) the effect of spring-de- 
flection on brake application, (b) the effect of axle rotation 
under brake torque, and (c) the effect of the wheels turning 
when steering. Calling attention to the fact that the hydrau- 
lic type maintains the connection between brake and frame by 
a flexible rubber tube reinforced with steel, Mr. Ricker ex- 
plained how this type avoids the most important difficulties 
above mentioned and assures the equalized application of 
pressure to the brakes. He stated that only by the most 
expensive equipment could mechanically operated brakes be 
made to give the uniform braking application at all steering 
ar.zles characteristic of the hydraulic type. 
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CHESTER S. RICKER HowarpD C. MARMON 


TOGGLE ACTION EXPLAINED 


As regards ease of operation, the brakes described take 
advantage of a toggle action giving a variable leverage. 
Thus, for a pedal pressure of 55 lb. applied uniformly duv- 
ing the stroke the resulting pressure is, say, 100 Ib. per sq. 
in. at the first inch of movement and 500 Ib. per sq. in. when 
the pedal reaches the floor. Unlike the mechanical brakes 
this hydraulic type is operated by a pedal pressure that is 
practically uniform throughout the stroke; the pedal return 
is also slower but the brakes are released promptly. The 
use of the toggle action above described was claimed to make 
unnecessary any form of servo-mechanism. 


OTHER DESIGN FEATURES 


Uniformity of pressure-application by hydraulic means, 
fully enclosed front-wheel brakes tending toward uniformity 
of brake torque because of protection from dirt and moisture 
and careful general design were mentioned as the most im- 
portant factors in the installation. It was also brought out 
that the hydraulic brakes described have automatic adjust- 
ment and that the most logical method of application has 
been adopted, namely, ordinary service application for the 
first part of the pedal travel and emergency application for 
the last part of the pedal travel. Use of the tubular front 
axle was advocated because of its lightness for a given 
strength and because of its ability to take the car-load and 
brake torque reaction satisfactorily. 





THE BRAKP DEMONSTRATION AT INDIANAPOLIS ON THE AFTERNOON OF Dec. 6 
In Connection with the Round-Table Discussion of Four-Wheel Brakes at the Meeting of the Indiana Section, a Demon- 


stration of the Relative Stopping Ability of Two and-Feur-Wheel Brakes Was Held in the Afternoon. 
Regular Pneumatic Tires and Hydraulic and .Mechanical 


Balloon and 


Brakes Formed Part of the Equipment of the Cars. Tested 


Which Were Stopped from Initial Speeds of 20, 25, 30, 35 and 40 M.P.H. The Skid Marks from a Previous Test Should 


Be Noted Directly in Front of the Car That Is Being Tested 
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STEERING AND EQUALIZATION 


In analyzing the effect of two and four-wheel brakes on 
steering, Mr. Ricker stated that although one cannot steer 
a car with front wheels locked neither can one manage the 
car with rear wheels locked when it begins to skid; under 
similar conditions this would take place sooner with the two- 
wheel than with the four-wheel brakes. However, he stated 
that easy steering is still maintained with the front-wheel 
brakes applied with a reasonably high pressure and that 
gradual application is as easily accomplished as on any car. 
The tire wear was stated to be greatly reduced with four- 
wheel brakes. 

In Mr. Ricker’s belief the braking on the front and the 
rear wheels should be equal. The argument that the front 
axle takes 40 per cent of the load and the rear axle 60 per 
cent was stated as true for loaded cars only, a condition that 
obtains for only a part of the time. Thus it was felt that 
the brakes should not be designed for this condition. The 
shifting of load to the front axle was also mentioned to 
strengthen the statement. 

Mr. Ricker concluded his paper with the following enum- 
eration of advantages of hydraulically operated four-wheel 
brakes; (a) perfect equalization, (b) dual brake action 
range, (c) non-rattling mechanism, (d) automatic adjust- 
ment, (e) perfect braking at all steering angles, (f) equal 
application of brakes, front and rear and (g) uniform pedal- 
pressure requiring no servo-mechanism. 


MECHANICAL FOUR-WHEEL BRAKES 


In his argument in favor of mechanically operated four- 
wheel brakes John R. Cautley, now interested with Vincent 
Bendix in the Perrot type, gave a resume of foreign develop- 
ments. He stated that with one exception all companies ex- 
hibiting at the recent Paris Salon had four-wheel brakes on 
one or more of their models. The majority of these were 
mechanically operated. The British show this year was said 
to have had 32 per cent of the cars thus equipped as against 
a showing of 10 per cent 1 year ago. 

Mr. Cautley reported that the foreign cars which he had 
driven could be steered much more easily than American 
models. He believed that our engineers should devote greater 
attention to this feature, as the four-wheel brakes and bal- 
loon tires demanded it. 

Mr. Cautley stated that his connection with the problems 
of braking had been very recently established and that he 
hoped later to Ke able to report in greater detail the advan- 
tages of the mechanical type in which he is interested. 


THE DISCUSSION 


Howard Marmon opened the discussion with a summary of 
braking problems. In his opinion a good four-wheel brake 
installation can be accomplished with either the hydraulic or 
the mechanical type. He mentioned the capability of the 
four-wheel brakes for greater heat dissipation as an impor- 
tant item in mountain travel. Among the disadvantages he 
mentioned the added difficulty of steering and the increase of 
unsprung weight in the front axle. Perhaps the most im- 
portant feature of Mr. Marmon’s discussion was his concep- 
tion of the proper attitude of the driver of a car braked on 
all four: wheels. He thought that for normal driving condi- 
tions only the normal amount of braking should be utilized 
and that the reserve capacity should be “kept up the sleeve” 
for emergency application. 

Mr. James decried the manner in which the advertising and 
the sales departments are talking so much about the reduced 
stopping distance with the new brakes. Granted that such 
claims are true, he felt that it was harmful to stress this 
point to the detriment of the more sound argument of better 
and safer stopping within normal distances even under ad- 
verse conditions. He called attention to the difference be- 
tween equalization of the brake pressure and equalization of 
the braking torque. This led to the statement that the life 
of brake-lining has been increased in 3 years by about 300 
per cent, with a possibility for even greater improvement 
as to both life and braking effectiveness. 

The question of reduced insurance for cars with four-wheel 


January, 1924 No. 1 


TABLE 1—AVERAGE STOPPING DISTANCES FROM VARIOUS 
INITIAL SPEEDS 


Initial Distance Required To Stop, Ft. 
Speed, M.P.H. Two-Wheel Brakes? Four-Wheel Brakes’ 

29 30 12 

30 74 31 

40 122 54 





2 Average deceleration, 10% ft. per sec. per sec. 
8’ Average deceleration, 2214 ft. per sec. per sec. 





brakes was raised. It was stated that as yet the insurarice 
companies in general are not willing to grant a reduction. 

As for cost of manufacture opinions differed. It seemed 
to be the feeling that the hydraulic and the mechanical types 
would cost about the same but with the possibility that the 
former might be somewhat cheaper. 

O. C. Berry enumerated some of the advantages and dis- 
advantages of both types of brake. He mentioned the criti- 
cism of more difficult steering and actual interference in ne- 
gotiating curves with the wheels locked. He argued that any 
car was unmanageable with the wheels locked in a skid and 
felt that the better and the safer stopping with the additional 
brakes was favorable to them. 

W. G. Wall stressed the importance of carefully designing 
the front axle to withstand the braking torque. He believed 
that the use of servo-mechanisms or “labor savers” would in- 
crease. Recalling Mr. James’ remarks about the desirability 
of torque rather than pressure equalization he wondered if 
much attention need be given to equalization between right 
and left wheels, inasmuch as the torque reaction would be 
different regardless of the pressure equalization. 

From the discussion it seemed that the “two-wheel” advo- 
cates were content to let their brakes speak for themselves. 


BRAKING DEMONSTRATION ATTRACTS CROWD 


In the afternoon preceding the meeting a very successful 
demonstration of both two- and four-wheel braked cars was 
held; several were equipped with balloon tires, and both me- 
chanical and hydraulic brakes were represented. Stopping 
distances from initial rates of 20, 30 and 40 m.p.h. were 
measured, and Mr. James obtained records of the stops with 
his recording decelerometer. He gave the average results of 
the test presented in Table 1. 

The complete results of the tests are given in Table 2. All 
of these tests were made over the same stretch of smooth dry 
asphalt. These tests give some indication of the comparative 
stopping ability of two- and four-wheel brakes, but they can- 
not necessarily be accepted as indicative of other factors of 
braking performance such as the tendency to skid or the 
effect on the steering and the control of the car. Except as 








TABLE 2—DISTANCES REQUIRED TO STOP THE CARS ‘TESTED 
IN THE DEMONSTRATION ARRANGED BY THE INDIANA 
SECTION AT INDIANAPOLIS ON DEC. 6, 1928 


Distance in Feet and Inches Required 


Brakes To Stop from Speeds of 
coaHow ——— 
Many 20 25 30 35 40 

Car Wheels M.P.H. M.P.H. M.P.H. M.P.H. M.P.H. 
A 2 30-9 86-6 134-0 
B ‘ 77-11 125-6 
C 2 29-9 71~11 
D* 2 29-9 64-2 114-27 
E 4 23-10 40-6 
F 4 37-11 62-6 
G* 4 21-0 44-()* 
H 4 2 25-0 61-0" 
K 4 9-9 , 39-0 640 
L 4 14-7 26-10 60-5 
M* 4 23-0 88-10 38-0 
N 4 17-0 48-0 
O 4 12-3 40-0 
Pp 4 38-0 





*This car was equipped with balloon tires. 
* Side-skid occurred in stopping. 
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indicated, all cars skidded straight ahead with locked wheels. 
Several stops were subsequently made on the same surface 
when wet. Under these conditions no difference in the brake 
performance was apparent. Regular pneumatic-tire equip- 
ment was used on all cars, except for cars D, G and M, which 
used balloon tires. 

Great credit is due the following members. who were re- 
sponsible for one of the most successful Section meetings ever 
held by our Society: F. F. Chandler, chairman; O. C. Berry; 
George T. Briggs; W. G. Wall and G. A. Weidely. Harlow 
Hyde assisted the committee with the publicity and general 
arrangements. 


STORAGE-BATTERY MAINTENANCE 





Conditions and Care Necessary to Obtain Effective 
Service and Long Life 


Automobile Storage-Batteries, Their Operation and Care 
was the subject discussed by T. R. Cook of the Westinghouse 
Union Battery Co. at the December meeting of the Metropoli- 
tan Section held at the Automobile Club of America on Dec. 
18. Notwithstanding the unfavorable weather about 80 mem- 
bers and guests were present when the meeting was called to 
order by Vice-Chairman C. B. Veal. The discussion following 
the reading of the paper was participated in by Bruce Ford, 
of the Electric Storage Battery Co.; W. E. Holland, of the 
Philadelphia Storage Battery Co.; A. D. T. Libby, of the 
Splitdorf Electric Co.; C. E. Allen, of the Edison Storage Bat- 
tery Co.; Roger Chauveau, of the Metropolitan Battery Ser- 
vice Co., and H. M. Crane. Mr. Cook closed the discussion by 
replying to numerous questions that had been written on 
ecards provided for the purpose. 

A healthy storage-battery, in which the generator input is 
properly proportioned to the service required, said Mr. Cook, 
in part, will operate with entire satisfaction provided it is 
supplied with the requisite amount of distilled water, is kept 
free from dirt and corrosion and its terminals maintain good 
contact. Most troubles occur after a battery has finished its 
useful life, the length of which depends upon its design, the 
quality of the materials of which it is constructed, the care 
given to it and the relation of the current put in to that taken 
out. With proper care the useful life of a battery should be 
from 4 to 5 years. A commercial compromise, however, is 
frequently necessary, and is determined by the relative im- 
portance of the considerations of weight, size and cost. By 
keeping these factors at the minimum a smaller battery work- 
ing at a higher rate is the usual result, but the useful life is 
reduced to from 1% to 3 years and the battery requires closer 
attention. Although the longest life is obtained by using a 
constant-potential charging machine, here again considera- 
tions of cost and expert attention enter and another com- 
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promise has been made by substituting the third-brush ma- 
chine, a constant-current apparatus with a tapering rate of 
charge as the speed of the car increases. Extremes of service 
affect the life of a battery and vary from that of cars used 
only for touring by day, where the runs are long and the 
stops infrequent, to that of cars used by doctors, for instance, 
which are in service by day and by night, with many short 
slow runs and innumerable starts. The input from the gen- 
erators also varies greatly. Whereas batteries are normally 
designed for an input of approximately 7% amp. the range 
frequently is from 2 to 18 amp. The doctor’s car, if equipped 
with the 2-amp. charger, would need recharging many times 
per month; if the tourist’s car were equipped with the 18- 
amp. charger, the battery would undoubtedly burn out after 
2 or 3 months of service. Excessive use of current due to a 
faulty carbureter or to a leak caused by a partial ground 
may drain the battery. Too great input by the generator 
is indicated by the demand for an excessive amount of water. 
To maintain batteries in their best condition, (a) the elec- 
trolyte should be kept from % to % in. above the top of the 
separators, (b) the top of the battery should be kept dry and 
clean, (c) the contacts should be kept tight and protected 
with vaseline from corrosion, and (d) the generator should 
produce the proper amount of current for the use required. 

In summing up, Mr. Cook said that the principal difficul- 
ties in the use of storage-batteries were due to faulty manu- 
facture and abuse in service. He emphasized the desirability 
of adopting S. A. E. Standards, of providing battery com- 
partments that would allow the use of sizes of battery larger 
than that originally installed and particularly the ability to 
take one of two standard sizes. No owner should ever be in a 
position where he cannot obtain a battery for his car from 
any service-station, no matter where he may be. 

Mr. Holland commented on the troubles due to undersize 
batteries, the importance of protecting the battery from 
weather and dirt and of having it well supported and ac- 
cessible. 

Referring to his experience in the telephone business, Mr. 
Libby observed that batteries, in general, are not sufficiently 
charged; that usually not enough water is used; because of 
the patent situation, a voltage regulator is seldom used and 
manufacturers have been compelled to use the third-brush 
generator; this is less complicated and also less expensive; 
generator specifications have been accurately drawn and spe- 
cifications for motor-generator and storage-battery installa- 
tions should be expressed so that the buyer may know just 
what he is getting; recently he had ordered a new battery for 
his car but found on its arrival that the new battery was % 
in. longer than the one originally installed; this necessitated 
several modifications of the car before it could be used; man- 
ufacturers should give these matters more careful consider- 
ation. 


Mr. Crane compared the use of storage-batteries to that of 
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lubricating oil. Although manufacturers are familiar with 
the distinctions between the different kinds, users are not so 
well informed. He asserted that the battery in the car he is 
using at present has never been repaired and that the one in 
another car used since 1916 has required no repairs. Bat- 
teries sometimes fail because of the generator’s not being 
sufficiently active. There is no danger of overcharging a bat- 
tery that is kept full of water. Batteries placed under the 
seat look well but are not accessible. For this reason several 
makers are now placing them in the fenders. 

Replying to questions, Mr. Cook, in closing the discussion, 
brought out the following points: During the last year the 
output of batteries per pound of weight has increased 15 to 
20 per cent; the product is also more uniform; the capacity 
at 0 deg. fahr. is approximately 15 per cent; buckling is 
caused by the active material’s expanding more than the 
grid; poor gasoline is the cause of the greatest trouble in 
winter; in most States the water is fit to use; that of Cleve- 
land and Lake cities is especially good; some water, however, 
containing iron is not fit; rubber battery cases are advan- 
tageous; when doing an excessive amount of touring it is 
advisable to keep the lights burning. 


MOTOR-VEHICLE VIBRATION 





Two of Its Phases Discussed at Minneapolis Section 
Meeting 


Referring briefly to the more simple forms of engine as a 
basis for an analysis of the predominating types of automo- 
tive engine, Amos F. Moyer, engineer of the Toro Mfg. Co., 
then discussed the subject of Engine Balance at the Minne- 
apolis Section meeting on Dec. 5. His paper was along the 
same lines as those of the previous one on New Principles in 
Rotative Balance, published in THE JOURNAL last year.’ 
Following its presentation and discussion, V. V. VanNattan, 
designer for the Superior Products Mfg. Co., Minneapolis, 
read his paper on the Air Cushioning of Automobiles and this 
was discussed also. An engine that is out-of-balance and un- 
suitable or inadequate springs will each contribute toward 
excessive vehicle-vibration. 

Mr. Moyer’s paper was received with keen interest, the 
subject being treated in as non-technical a manner as possi- 
ble. It dealt particularly with internal-combustion-engine 
balance ranging from single-cylinder to 8 and 12-cylinder 
types. An analysis was made in each case of the various 
forces to be dealt with, and the extent of balance obtainable 
was well pointed out, especially so when the complex nature 
of the subject is considered. Mr. Van Nattan disclosed prob- 
lems to be met in design and the service to be expected with 
several types of pneumatic shock-absorber. Both papers were 
productive of interesting remarks and opinions in the dis- 
cussion that followed their presentation. 


How TO BALANCE ENGINES 


Mr. Moyer said in part that the balancing of an engine 
crankshaft is primarily a matter of design and secondarily 
one of production methods, the object being to obtain rotative 
balance with certain allowances made for external considera- 
tions. While it is possible to place any unsymmetrical body in 
perfect rotative balance by the attachment at two points only 
of suitable weights or the removal of a suitable amount of 
material, and while parts sometimes are designed intention- 
ally to be out-of-balance to absorb forces from other parts, 
Mr. Moyer stated that the design of a balanced part such as 
a crankshaft is greatly facilitated by observance of the fol- 
lowing rules: 


(1) Let the unbalanced structural portions of the mem- 
ber, such as the crankpin and the arms, be of 
symmetrical form with respect to a transverse 
plane containing the center of the reciprocating 
inertia forces 


(2) Counterbalance, about the axis of rotation, by 


8 See THE JOURNAL, October, 1922, p. 368. 


weights having a gravity moment equal to that 
of the unbalanced portions, or by the disposition 
of like structural members, and take care to ob- 
serve Rule (1) 


(3) Space the crank pairs equally about the circum- 
ference with more than two divisions, taking care 


to observe Rules (1) and (2) for rotative bal- 
ance 


For a single cylinder, Rule 1 would call for a center-crank 
type of engine having equal arms at the respective ends of 
the crankpin. 

Rule 2 calls for two counterbalance weights opposite the 
crank throw and as close together as will clear the connect- 
ing-rod, for a single-cylinder engine. The gravity moment 
of these weights about the journal center will equal the com- 
bined gravity moments of the crankpin and the crankarms 
if the shaft alone is to be in rotative balance. Such counter- 
balancing weights or members will exert less bending-moment 
on the shaft, if their longitudinal disposition is as short as 
possible, and will produce less elastic distortion if the journal 
bearings are disposed as frequently as possible. 

But the connecting-rod and the piston possess weight. That 
of the piston is reciprocative, but that of the connecting-rod 
is reciprocative at the small end and rotative at the big end. 
For analysis, the reciprocative weight of the connecting-rod 
can be taken as the weight at the center of the small-end eye 
when balanced horizontally over a knife-edge at the center 
of the big-end bearing. This, added to the weight of the com- 
plete piston, including the pin and the rings, gives the total 
weight of the reciprocating parts. The weight of the rod at 
the big-end center when balanced horizontally over the center 
of the small-end eye can be considered as rotative. The 
amount of its gravity moment at the radius of the crank- 
throw can be added to the amount of counterbalance on the 
crankshaft of an actual engine, or can be considered as coun- 
terbalanced by the big-ends of other connecting-rods in a 
multi-cylinder engine. Rule (2) was then illustrated and 
elaborated practically, with especial reference to two and 
four-cylinder engines and engines employing a four-throw 
crankshaft as in the eight-cylinder V-type having two cylin- 
der blocks at 90 deg. to each other. Six cylinders is stated to 
be the smallest number with which the condition of Rule (3) 
can be obtained. For eight-cylinder-in-line types, when Rule 
(1) is observed with respect to the center line of the engine, 
the application of Rule (3) will establish reciprocative bal- 
ance. 

In conclusion Mr. Moyer said that the final step in obtain- 
ing a most perfectly balanced engine is the production pro- 
cedure in balancing or correcting for minor errors existing 
in the parts as produced. All revolving parts should be 
placed in refined rotative balance, residuals of less than 0.5 
oz.-in. being feasible in production. In some instances the 
process of balancing may necessitate clamping to the crank- 
pins an allowance for reciprocating parts at the time the 
work is done. Reciprocative parts such as pistons and pins 
should be standardized in weight as closely as possible, + 
0.125 oz.-in. representing a corresponding degree of refine- 
ment. Connecting-rods should be standardized within similar 
limits, taking the weight of each end separately, when bal- 
anced horizontally on knife-edges at the center of the other 
end. 

In the discussion, J. L. Larson’s questions brought out Mr. 
Moyer’s opinion that the elimination of vibration in the 60- 
deg. V-type engine is largely due to the frequency of the ex- 
plosions and the torque distribution with uneven intervals; 
that an engine will vibrate, if out-of-balance, even when re- 
volving without any power other than that due to revolution 
itself; and that, considering two badly balanced four-cylinder 
engines as constituting the eight-cylinder V-type engine, 
even though it be no better than either of the fours with 
respect to vibration, so far as moving parts are concerned, 
when torque is included, it will still be superior to the four- 
cylinder engine although there is no perfectly balanced con- 
dition. 

Questions also asked by Chairman A. W. Scarratt, G. B. 
Carroll and others, induced answers from Mr. Moyer to the 
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effect that a four-cylinder opposed-type engine with a con- 
ventional four-cylinder crankshaft would not be in perfect 
balance but would be balanced except for rocking couples due 
to vertical inertia of the connecting-rods; that, comparing 
an eight-cylinder-in-line engine having nine crankshaft sup- 
ports with a 60-deg. V-type 12-cylinder engine having three 
crankshaft supports, the former would have the more perfect 
balance since the engine itself is capable of perfect balance 
and disposes the journal bearings so as to prevent the crank- 
shaft from springing out-of-line; and that much of the effort 
made in the past to obtain perfect mechanical balance of an 
engine, especially one of the six or eight-in-line type, has 
been defeated because of inability to obtain proper carbure- 
tion and distribution. 

Other questions and answers had to do with the firing order 
of multi-cylinder engines, failure to prevent vibration in a 
shaft not in rotating balance by the addition of another main 
bearing, the vibration damper, ability of an oil-film in a 
bearing to support heavy loading and kindred topics. 


AIR-CUSHIONS USED AS SPRINGS 


A pneumatic cushion is the most effective shock-absorber 
known. This statement appears in the paper presented by 
Mr. Van Nattan, following his brief comments on the still 
general use of the multiple-leaf steel-spring in its several dif- 
ferent designs and, as proof, he cites the very general adop- 
tion of the pneumatic tire. Air-springs for vehicles were 
known in 1830, but the idea of using an air-spring in connec- 
tion with the standard leaf-spring was not conceived until 
1906. The development of the air-spring business was not 
really begun until 1914. 

Three types of air-spring are on the market. In the single- 
action type, the shock is transmitted against an air-chamber 
and the moving piston-member is not controlled as to the re- 
bound of either the compressed-air chamber or the steel 
spring. The second type is one in which the shock is trans- 
mitted in the same manner as in the first type, but the com- 
pression pressure in the air-chamber against the piston is 
partly held in check and the piston has no protection against 
the recoil of the leaf-spring. In the third type, the shock is 
absorbed as in the other two types but, in addition, air is 
drawn into the lower chamber below the piston and controls 
both the recoil of the upper chamber and the rebound of the 
steel leaf-spring. 

In the first of the three methods used to take care of the 
great driving-strains, a piston-rod runs through a long bush- 
ing and has the leaf-spring connected to a fork on the lower 
end. In the second there are telescoping tubes, one sliding 
between an inner and an outer shell, and the leaf-spring is 
connected to the lower end. In the third method a slide is 
built below the cylinder and a movable crosshead, connected 
to the end of the leaf-spring and loosely connected to the 
lower end of the piston-rod, is placed in this slideway. 

Mr. Van Nattan says that a properly designed air-spring 
should have an accordion-joint between the end of the leaf- 
spring and the car frame and that such a connection, with 
one air-spring on each end of each leaf-spring, will allow the 
wheels to follow the contour of the road while the car itself 
floats along, suspended on cushions of air. His claims of ad- 
vantages for air-spring suspension include reduction of ex- 
cessive vibration above the leaf-springs, prolonging the life 
of the engine; additional tire-mileage because the tires stay 
on the road and hence, due to increased traction, additional 
car mileage per gallon of fuel; protection to the car body and 
added comfort. 

Subjects considered in the subsequent discussion by Messrs. 
Scarratt, Moyer, Harrison and others had reference to the 
use of air-springs on motorbuses and trucks, the merits of 
front and of rear attachments of air-springs, their use in 
connection with snubbers, operating tests of air-springs, the 
possibility of replacing the leaf-spring shackles with air- 
springs, air-leakage of the air-spring cylinders and longi- 
tudinal versus cross-spring suspension-systems. 

At a meeting of the Governing Board of the Minneapolis 
Seetion on Dec. 5, the appointment of A. W. Scarratt as vice- 
chairman of the Section for the year 1923-1924 was approved. 


PROBLEMS OF THE BRITISH INDUSTRY 





H. L. Horning Gives Milwaukee Group Benefit of His 


Observations Abroad 


Believing that engi- 
neers need a broader and 
more intimate contact 
with human nature and 
the world to know their 
market and to be able to 
fill it with sympathetic 
intelligence, H. L. Horn- 
ing, of the Waukesha Mo- 
tor Co., outlined for the 
Milwaukee group general 
conditions, production 
problems and engineering 
and design tendencies as 
he found them in Great 
Britain on his recent trip 
abroad. 

According to Mr. Horn- 
ing, the first thing that 
greets one’s eyes in Eng- 
land is the unemployment 
situation. There are 1,300,000 receiving Government doles 
and, during the coming winter, this number is expected to 
reach some figure between 1,800,000 and 2,000,000. 





H. L. HorRNING 


ENGLISH CARS BUILT TO LAST 


It is apparently a well-established tendency in England to 
buy a car to last. English manufacturers, therefore, take 
more pains in production than do American car builders, for 
it seems to be the American ideal to have a new car as often 
as fashions change. The British also take better care of 
their cars, treat the mechanism with more respect and 
have more and better garage mechanics per car than we have 
on this side. 

The cost of gasoline is high, $0.40 per gallon in 5-gal. tins. 
It makes the question of miles-per-gallon mean something. 

The cars themselves are small, but even one of these “vest- 
pocket” cars in runabout form sells for $750. There appears 
to be a great difference, relatively, between the buying power 
of the British public and the price asked for fine cars. Few 
people here realize this great disparity between the buying 
power and the prices of automotive apparatus in foreign 
countries. 


HUGE BUYING POWER OF AMERICAN PUBLIC 


We do not appreciate the buying power of our own people. 
There are more cars in Wisconsin than in any foreign country 
in the world, except France and Canada, according to Mr. 
Horning. In 1925, there probably will be more cars in Wis- 
consin than in Canada. There are five times as many cars 
in Wisconsin as there are in Germany. In Illinois and Wis- 
consin, there will be, on Jan. 1, 1924, more cars than in all 
the world outside the United States. Wisconsin has more 
cars than England, Scotland, Ireland and Wales. The sur- 
plus capacity that now exists for building motor trucks in 
the United States is sufficient to replace all the horse-drawn 
vehicles in Great Britain in 6 months. Motor-car agencies in 
Great Britain carry as many as five makes of car because 
the business in a reasonably large territory is not enough to 
support them on fewer makes. It is, therefore, necessary to 
carry cars that will appeal to different strata of the buying 
public. 


HIGH OVERHEAD AND LOW OUTPUT TWIN PROBLEMS 


Overhead is the great problem of old nations, for as tradi- 
tions gather and cling they make progress slow and expenses 
high. Old employes are kept on the payroll largely for sen- 
timental reasons. Indirectness ‘and other barriers to prompt 
action help to build up high overhead. 

Low output is another feature of the British automotive in- 
dustry that impressed Mr. Horning forcefully. Factories are 
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equipped with excellent machines, many of them American. 
Well-designed jigs and tools are in evidence, but the product 
is not forthcoming. In the building of engines, for example, 
the output per man per hour is from 2.5 to 3.0 times as great 
in America as in England. The price of American engines, 
because of this quantity production, can be set low enough to 
compete with English-built engines, even with a 30-per cent 
duty and freight added. 

The British mechanics are handicapped by working con- 
ditions unfavorable to large output. These include lack of 
sunlight, due to the position of the British Isles on the globe, 
inadequate heating facilities in homes and factories, humidity 
and muggy weather in summer and poor ventilation. Mr. 
Horning pointed out that, under these conditions, the wonder 
is not that production is low, but that it is as high as it is. 

Great Britain is also suffering immeasurably from re- 
stricted production. It is economically unsound to pay more 
for a commodity than it is worth, to limit production from a 
given investment or to raise the price artificially above an 
intrinsic or demand value. 

Mr. Horning found production methods abroad far behind 
those in the United States. Although, in English factories, 
interchangeable manufacture made great progress during the 
war, it is still in the development stage, about where we 
were in 1906. Files are still one of the most popular tools 
and are a great standby in production. In many factories, 
engines are still being completely assembled by one man. In 
the factory of one of the oldest and most respected firms, 
they are making cranks from the solid for about $89 each. 
Difficulty in satisfactorily balancing the forgjngs was en- 
countered, but they were not interested in installing an 
American balancing machine because of the investment cost. 
In both France and England, the largest output is of cars 
produced and sold by American methods. 


ECONOMY OF OPERATION A DESIGN FUNDAMENTAL 


Because of the price of fuel and the general earning power 
of the people, economy of operation is of great importance in 
design. Small cars and small engines have been highly de- 
veloped. Both the French and the British use high-compres- 
sion engines and suitable fuels of every variety and smell 
are available at high prices. Steam buses are disappearing, 
but steam trucks burning coal are still driven on the streets 
of London. 

The demand for light cars has led to a wider use of 
aluminum castings for crankcases and oil-pans than in 
America. English engines are also generally lighter than 
ours, and English builders are beginning to use lighter con- 
necting-rods, hoods, radiator covers and details about the car. 

Four-cylinder cars are widely used, but relatively few 
sixes are seen. Because of the necessity for lower first costs, 
six-cylinder engines are used only in cars of the highest class 
and price. Enclosed cars are only just beginning to be ap- 
preciated, although it seems strange that, in a country with 
a climate like England’s, closed cars have not found more 
favor. It is probably a question of economy, like the popu- 
larity of the motorcycle. The lighting equipment of English 
cars seems very weak, and the lights are far less glaring 
than in America. 

Camshaft timing has a tendency to favor high speed, yet 
with a depression under the base circle, very little extra 
spring pressures are necessary. In one car, the maximum 
clearance between push-rod and valve was 0.125 in. Difficulty 
has been experienced in setting clearance in these cars be- 
cause it is out of standard practice. 

The British air industry is devoting considerable research 
to those parts of the engine giving trouble at high power out- 
put due to high temperature, such as valves, pistons, spark- 
plugs and hot-spots in the combustion-chamber. One super- 
charger Mr. Horning saw gave 165 lb. per sq. in. brake mean 
effective pressure on straight benzol. An effort to produce 
large cylinders is being made. The largest has developed 
150 hp. per cylinder in the Ricardo cross-head type of engine. 
Floating unsplit bearings have been found to give great sat- 
isfaction on highly loaded journals. 

On high-speed engines a larger clearance between the valve 





and the side of the valve chamber has given higher volumetric 
efficiency, and higher speeds have been accomplished by the 
use of masked valves. Small valves with high lifts are 
popular among the better English engineers. Bronze valve- 
guides are found very effective in high-speed engines. 

A tendency to use both exhaust heating of the hot-spots 
and general heating of the intake with hot water was noticed. 
These two are used in combination, taking advantage of both 
for particular circumstances. 


INCREASED INTEREST IN EASY SHIFTING 


Interest in easier shifting from one gear to another with 
less noise on all gears seems to be growing. To this end, one 
transmission of the epicyclic type is being developed by one 
of the leading builders of motor cars. This design has four 
speeds forward and a reverse. With fairly large clearance 
of gears, it runs quietly on all gears and gives excellent per- 
formance under all conditions of traffic. In fact, the more 
difficult the conditions, as measured by sliding gear stand- 
ards, the better does it show up. The ability to shift easily 
on a hill, going up or down, to use the engine as a brake 
seems to be of great interest in both Europe and America at 
this time, and interest in gear-shifting from the steering 
column is seen. 

The laboratories in Europe are far more interested in 
economy than in power. The European motorist gets ac- 
celeration on third gear and runs on fourth. This offers more 
opportunity for the improvement of the fuel consumption 
than many of the methods we try. In Europe, an engine 
running on high has its throttle pretty well open; in this 
Country, it is very nearly closed. One hears of an occasional 
performance of 50 miles per gal., but 40 miles is not un- 
common. 

According to Mr. Horning’s observations, our designs are 
mechanically better than the foreign, but the European en- 
gineers pay more attention in their work to fundamentals of 
thermodynamics and their test procedure is more thorough 
than ours. English engineers seem to know less of the busi- 
ness and sales end than our men, but they are more thor- 
oughly grounded in mathematics and physics, while our en- 
gineers seem to have a better idea of chemistry and the eco- 
nomics of production. 

In closing, Mr. Horning emphasized his conviction that the 
earning power and value of engineers vary directly as their 
understanding of people, their moods, needs and demands. 
Americans have much to be thankful for, he pointed out, be- 
cause their Country is not hide-bound by ancient traditions 
and they can live in the present in hope of better things in 
the future where great natural wealth and liberal institu- 
tions make for unlimited opportunities in an almost unlimited 
home market. 

The Milwaukee group will not meet in January. 


WIDER USE OF PETROLEUM URGED 





Need for Development and Expansion Stressed at 
Petroleum Institute Meeting 


An optimistic view of the petroleum industry’s future was 
expressed by President O’Donnell in the opening address of 
the fourth annual meeting of the American Petroleum In- 
stitute in St. Louis on Dec. 11. In reviewing the growth 
of the industry he called attention to the tremendous develop- 
ment witnessed during the last few years. He felt that the 
difficulties experienced, such as the present over-production 
with attendant price-decrease, onI¥ serve to strengthen the 
various units by making them economize and function more 
efficiently. 

The American Petroleum Institute, which has reached a 
position of importance as a great national organization, 
helps to stabilize conditions by concerted action of and closer 
contact between the member bodies. 

President O’Donnell warned against State or National 
bureaucratic control and stated that such action would invite 
concentration into bigger hands, the larger companies. This 
would discourage individual initiative. He said that with 
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few exceptions the industry has been handled wisely and well 
and that continued development and prosperity are to be 
expected. 


UTILIZATION OF PETROLEUM PRODUCTS 


Utiliziation was perhaps the outstanding topic of the 
meeting. Henry L. Doherty criticized the industry for having 
failed to make greater efforts and expenditures toward the 
development and the expansion of the possible uses of 
petroleum. He stated that it should be possible to market 
all the oil now produced and still increase the annual rev- 
enues by $1,000,000,000. This would call for assistance 
to inventors and manufacturers of oil-burning apparatus, 
the stimulation of oil companies to develop all possible 
demonstrated applications for oil utilization and the co- 
operation of those in the industry in developments that 
individual companies for competitive reasons cannot under- 
take alone. Mr. Doherty also recommended such changes 
in the basic methods of crude-oil production as would make 
possible the blocking out of the raw product so that it could 
be made accessible only when the market was able to 
absorb it. 

DEVELOPMENT OF NEW USES ADVOCATED 

Among the applications mentioned by Mr. Doherty and 
others as being susceptible of great development were: the 
burning of oil in locomotives, also discussed by J. M. John- 
son, fuel agent of the Missouri-Kansas-Texas Railroad; 
ship-propulsion, also covered in a paper by J. E. Sheedy, 
vice-president of the Emergency Fleet Corporation; and 
house-heating, treated by C. H. Chalmers, Chalmers Oil- 
Burner Co. 

OIL FAMINE Not EXPECTED 


President O’Donnell, Mr. Doherty and other speakers 
stated that they had ceased to expect a shortage in crude- 
oil supply within the next few years. It was believed that 
new sources would be found and that prospects of a famine 
are very remote. 


AUTOMOTIVE ENGINEERS PARTICIPATE 


It is pleasant to note the growing tendency of engineers 
in the petroleum and automotive industries to meet on com- 
mon ground for the frank discussion of problems of mutual 
concern. As at past meetings of the Institute, the fuel 
and lubrication problems were discussed freely by representa- 
tives of both industries. Several of the papers presented 
at the various sessions are abstracted below. 


WHAT IS GooD GASOLINE? 


In a message read by Dr. H. C. Dickinson, Director Burgess 
of the Bureau of Standards expressed warm appreciation 
of the prompt and generous help given by the American 
Petroleum Institute and the National Automobile Chamber 
of Commerce to the injured and the families of those who 
lost their lives in the recent accident that involved the staff 
employed at the Bureau on the cooperative fuel-research 
program. 

As to the subject, “What is Good Gasoline?” it was recog- 
nized that only an approximate and indefinite answer can 
be given. To the user good gasoline means a fuel that 
will give minimum inconvenience, but to the United States 
it means the fuel that will assure the maximum economic 
utilization of the Country’s petroleum resources. Thus the 
answer depends both upon existing conditions and upon the 
point of view. 

Pointing to the increasing need of industry for a source 
of accurate technical informativun, Dr. Burgess invited even 
closer cooperation with the Bureau in the solving of basic 
problems affecting the petroleum industry. Among the 
duties that the Bureau stands ready to perform are the 
testing of thermometers, pyrometers and volumetric glass- 
ware; the standardization of viscosimeters, and the testing 
of lubircating oils, paint thinners and transformer oils. 
The activities of the Bureau in determining the Government 
specifications for petroleum products and in preparing tables 
of thermal expansion of oils for the industry were also 
mentioned. 


In conclusion, Dr. Burgess emphasized very strongly his 
desire that those in the industry lend their assistance in 
the application and the interpretation, in terms of utility, 
of the results obtained by experts who could not invariably 


maintain a close contact with the actual industrial con- 
ditions. 


FURTHER DISCUSSION OF “GooD GASOLINE” 


A very lively general discussion of “good gasoline” was 
opened by Dr. H. C. Dickinson, who presented as “a mark 
to shoot at” the following proposed features of a fuel satis- 
factory to automobile users: (a) initial-point not below 
40 deg. cent. (104 deg. fahr.); (b) 20-per cent point not 
above 100 deg. cent. (212 deg. fahr.); (c) 90-per cent point 
not above 200 deg cent. (392 deg. fahr.); (d) sulphur con- 
tent not over 0.1 per cent; (e) must be non-gumming; (f) 
color unimportant, and (g) enough gasoline. 

Director Manning, chairman of the meeting, called upon 
those present to give their views. 

H. L. Horning, general manager and secretary, Waukesha 
Motor Co., was in general agreement with the proposal but 
said that gumming is at least partly chargeable against the 
engine. He stated that in engines designed for high speeds 
a certain amount of blowback, with attendant gumming, 
often prevails. In concluding his remarks, Mr. Horning 
expressed the opinion that the time has arrived when the 
results of past research can be put into iron and steel and 
that the application of many improvements only awaits 
public demand. 

R. E. Wilson, Standard Oil Co. of Indiana, approved of 
the proposal and commented favorably upon the stipulation 
of only the few important points of the distillation curve. 
He felt that no attempt should be made to specify many 
points on the curve. 

W. P. Deppé, president, Deppé Motors Corporation, did not 
agree that fuel characteristics should be determined from 
the point of view of the average user. He felt that too much 
attention is being devoted to “wet mixtures”; this seemed 
to him like reverting to antiquated methods at a time when 
“dry mixtures” should receive greater consideration. Mr. 
Deppé stated that unfortunately his chief engineer was not 
present to discuss the technical aspects of the problem more 
fully. 

Dr. Bjerregaard, Empire Refining, Inc., wondered why 
the 90-per cent point was not given as 400 deg. cent. (752 
deg. fahr.), or some other value. W.S. James of the Bureau 
of Standards, in reviewing the reasons for the proposed 
values, stated that: (a) the initial-point was placed at a 
minimum figure to avoid boiling in the fuel-line and the jet 
in summer; (6b) the 20-per cent point was specified, as it has 
been found to be important in starting and warming under 
unfavorable temperature conditions, and (c) the 90-per cent 
point, which is important in connection with crankcase-oil 
dilution, was placed at 200 deg. cent. (392 deg. fahr.) to 
keep the dilution within reasonable limits and at the same 
time to allow leeway for increased production. 

It seemed to Mr. James that the responsibilities in the fuel 
situation should be shared by the two industries involved. 
The automotive engineers could combat the dilution to a 
reasonable extent, but the petroleum engineers should give 
attention to such features as gumming, over which the auto- 
motive interests have less control. He felt that the sulphur 
requirement could easily be met, if not materially reduced. 
Color should be considered unimportant. 

N. A. C. Smith of the Bureau of Mines was not ready 
to discuss the proposal fully without having had the oppor- 
tunity of studying the points more carefully. However, he 
felt that some difficulties might be involved. 

I. K. Giles of the Atlantic Refining Co. believed small 
changes in the initial-point unimportant to automobile users 
but difficult to control with precision by the refiners. He 
suggested specifying the percentage distilled at a definite 
temperature somewhat higher than that of the initial-point. 

Dr. G. W. Gray of the Texas Co. thought that the re- 
quirements proposed were not sufficiently favorable to the 
users. He believed the initial-point is of little importance 
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and suggested that the sulphur content be not over half 
that specified. 

Thomas Midgley, Jr., of the General Motors Research 
Corporation called attention to the fact that the proposal 
did not purport to be a definite specification but merely a 
basis for discussion of features to be desired. He was un- 
certain whether the initial-point determines boiling and be- 
lieved that the only way to decide this is to test the fuel 
with a thermometer. There is little doubt that the user 
chooses his fuel on a basis of the 20-per cent point or a 
point nearby, and that crankcase-oil dilution is determined 
largely by the 90-per cent point. Mr. Midgley believed that 
certain sulphur compounds in the amount of 0.1 per cent 
would have very bad effects; this led him to suggest the 
inclusion of the copper-strip test to cover this point. 

As regards item (g) of the proposal, that enough gasoline 
should be supplied, it was felt that with American initiative 
and industry in action no fear need be felt in this regard, 
even though other uses for gasoline may arise. If the de- 
mand exceeds the production, these new requirements will 
undoubtedly be met. 


COOPERATIVE FUEL TESTS 

Progress in the fuel tests conducted at the Bureau of 
Standards in cooperation with the American Petroleum 
Insiitute, the National Automobile Chamber of Commerce 
and the Society was reported in a paper on Economic Motor- 
Fuel Volatility, by S. W. Sparrow of the Bureau. This 
covered the results obtained since the 1922 progress report 
was presented before the Institute. The procedure and 
some of the material included in this paper were given by 
the late Stephen M. Lee in his paper printed in the July, 
1923, issue of THE JOURNAL. 

The object of the fuel investigation was to obtain data 
to show the effect of changes in fuel volatility upon the 
performance of automobiles now in service. The point to 
be determined was whether the overall cost of transporta- 
tion would be reduced by the use of a fuel of lower volatility, 
fuel D, for example, instead of one of higher volatility, 
such as fuel B. The volatility of fuel C was intermediate 
between that of B and D, while that of fuel A was even 
greater than that of fuel B. 

In view of the fact that the summer road-tests first con- 
ducted showed differences in fuel consumption much less 
than the estimated difference in the production of fuels, it 
was necessary to make comparative tests to show the fuel 
consumption in winter, the rate of crankcase-oil dilution and 
the ease of starting. 

Again, in the winter road-tests no great differences in 
performance of the two fuels were noted. Hence, laboratory 
tests with one of the engines using the two fuels B and D 
were conducted. Facilities were provided for a wide range 
of air and water temperature. 


LABORATORY TESTS 


In these tests a very marked decrease in the fuel con- 
sumption per indicated horsepower was noted with a tem- 
perature increase at low loads and speeds; this is accounted 
for by more complete vaporization or better distribution. 

Runs were made to show the needle-valve settings for the 
leanest mixture at which the engine would operate and for 
maximum power. It was demonstrated that the position 
of the needle-valve is a poor indication of the fuel-air ratio; 
for a wider opening of the valve in winter than in summer 
does not mean that the fuel-flow has increased as much as 
would have been the case for an equal opening in summer. 
It was shown that with the conventional type of carbureter 
the decrease in fuel-flow with decreasing temperatures is 
due primarily to the increase in the viscosity of the fuel 
with the lower temperatures. Fuel consumption during the 
tests did not change greatly with changes in either tempera- 
ture or fuel (B to D). 

DILUTION 


In connection with crankcase-oil dilution, it was pointed 
out that measurements of the percentage or dilution and 
of the viscosity are both of interest. The analysis of di- 
luted oils showed that changes in Saybolt viscosity resulting 
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from increase in dilution depended in amount upon the amount 
of dilution prevailing before the increase occurred; thus 
the change in viscosity accompanying an increase in dilution 
from 2 to 4 per cent was greater than that when the in- 
crease was from 4 to 6 per cent. 

All tests under different conditions showed the percentage 
of dilution to be greater with the D than with the B fuel. 
The jacket-water temperature was found to have a much 
greater influence than the air temperature upon the rate 
of dilution. With the same air and water temperatures 
maintained at full load and part load the dilution was found 
to be nearly proportional to the load. The tests indicated 
that small increases in the temperature may reduce the 
viscosity of the oil as much as a large percentage dilution. 


ACCELERATION 


The acceleration runs were intended to show whether the 
rates of acceleration at a given temperature are different 
for the two fuels and whether the fuel consumption is dif- 
ferent for the two fuels in runs during which the carbureter 
settings are such as to give the maximum acceleration with 
each fuel, while the speed and the load are kept constant. 

For the acceleration tests a disc whose inertia added to 
that of the armature equaled the inertia of the car from 
which the engine under test was taken was mounted on the 
dynamometer shaft. The method of test was such as to re- 
produce the most severe condition of acceleration, that is, 
from a load and a speed hardly greater than idling. 

At the higher temperatures no difference was found in 
the acceleration rate for the two fuels, but about 15 per 
cent more of D than of B fuel was required at the lowest 
temperature. In the runs thus far completed, the maximum 
acceleration was obtained with about the maximum power- 
setting and with low rather than high air-temperatures. 

Important conclusions based upon a great many laboratory 
and road tests of several engines were as follows: 

(1) Operation under constant speed and load.—In gen- 
eral the same power and fuel-economy were 
obtained under warm conditions with fuels B 
and D, the latter being the less volatile. Under 
cold conditions, particularly at low loads, the 
consumption of D fuel was greater than that of 
B, but not as much greater as the estimated 
possible production 

(2) Acceleration.—Under warm conditions, very nearly 
the same rate of acceleration was obtained with 
the D fuel as with the B. Under Cold conditions, 
more of the D fuel than that of the B was re- 
quired for maximum acceleration. This means 
a higher mixture adjustment, causing an in- 
creased consumption of D fuel, but not as much 
increase as the estimated possible production 

(3) Crankease-Oil Dilution. — Crankcase-oil dilution 
was greater with the D than with the B fuel. 
Final decision as to the relative merits of the 
two fuels hinges upon the evaluation of crank- 
case-oil dilution. Even in the absence of proper 
carbureter adjustments with changes in the air 
temperature, it is probable that 15 per cent more 
miles per barrel of crude oil would be obtained 
with the D than with the B fuel. If a 50-per 
cent increase in dilution represents an economic 
loss greater than a 15-per cent mile gain in 
mileage, then the use of the D fuel is undesir- 
able; otherwise the reverse is true. This is the 
evidence for the accumulation of which this in- 
vestigation was initiated. Judgment as to the 
economic fuel rests with the industries concerned 


PROGRESS OF ANTI-KNOCK FUELS 


Without discussing in detail the development by General 
Motors Research Corporation of the tetra-ethyl lead anti- 
knock compound, Thomas Midgley, Jr., called attention to 
the wonders and almost limitless application of the phenome- 
non of combustion. He described in some detail the action 
within an internal-combustion engine cylinder. 
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In this connection he spoke of the limitation imposed by 
present fuels upon the design of engines and explained 
briefly how the troublesome knock has been eliminated by 
introducing into the fuel 0.1 per cent by volume of the anti- 
knock compound. At the present time the ethylized fuel is 
being marketed in the amount of approximately 1,000,000 
gal. per month, from filling-stations scattered from the Mis- 
sissippi River to Wheeling, W. Va. 

The discussion of Mr. Midgley’s paper brought out the fact 
that with the engine properly redesigned to use ethylized 
gasoline, the mileage for a given quantity of fuel can be 
doubled. Without the structural changes, the economy may 
or may not be improved, but the knock is nevertheless elim- 
inated. 

It was stated that tetra-ethyl lead decomposes at 125 deg. 
cent. (257 deg. fahr.); also that the distillation values of the 
fuel remain unchanged after the addition of the cémpound. 
Mr. Midgley predicted that the present premium of 3 cents 
per gal. for ethylized fuel could perhaps be reduced within 
a few years to about one-third of that amount. 


SERVICE TESTS OF LUBRICANTS 


Performance of materials in actual service was advanced 
by W. S. James in his paper on Service Tests of Lubricants 
in Automotive Engines, as the final criterion by which the 
suitability of such materials should be judged. He discussed 
in detail the problems of engine lubrication, as well as 
methods for making both laboratory and road tests to de- 
termine the relative performance of different lubricants. In 
this analysis he pointed out the difficulties involved in making 
such tests and interpreting the results in terms of lubrication 
to the exclusion of other effects. 


FACTORS INVOLVED IN LUBRICATION 


Among the obstacles to the ideal functioning of a lubri- 
cating oil are: (a) loss of certain components through vapor- 
ization; (b) oxidation; (c) corrosion of metals; (d) en- 
trance of oil into the combustion-chamber, depositing unde- 
sirable residues; (e) losses from the crankcase; and (f/f) 
absorption of water and fuel. In actual operation the 
changes of the lubricants become apparent in power output, 
specific fuel-consumption, lubrication effectiveness, stability 
of lubricant, rate of oil consumption and deterioration of 
the parts. ' 

In engine tests of lubricants the engine may be considered 
as an apparatus that subjects the oils to a series of “heat- 
oxygen-metal” conditions which result in changes both in the 
oil and in the engine itself; the most important changes in 
the oil being those that result from the action of high tem- 
perature and oxygen. 


TEMPERATURE EFFECTS 


To illustrate the fact that the stability of different oils 
should be investigated under the same extremes of tempera- 
ture as those approximating average operating conditions, 
Mr. James showed a picture of a metal rod that had been 
brought to a red heat at one end and cooled at the other, 
while oil was dripped along its entire length. Near the 
relatively cool end, 212 deg. fahr., was found a film of oil that 
felt slippery to the fingers; moving toward the hot end the 
oil became (a) gummy, (6) like a shiny varnish, (c) a black 
carbonized deposit, (d) a nodule formation, and (e) a sharply 
reduced carbon deposit. This demonstrated the obvious un- 
fairness of comparing different oils at different temperature 
conditions. This same effect of temperature upon carbon 
deposit was also brought out by reversing the direction of 
flow of cooling water through an engine. In this case the 
location of maximum carbon-deposit was reversed from the 
first to the fourth cylinder. 


INFORMATION FROM ENGINE TESTS 


In a summary of material and information obtainable from 
engine tests of lubricating oils, the following were enumer- 
ated: heat-oxygen-metal treated oil samples, rate-of-wear 
data, data on the change in friction losses under different con- 
ditions and data on oil consumption. 

Service tests of lubricants made with cars in service on the 
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road should be considered as complementary to those con- 
ducted in the laboratory; neither type of test alone tells the 
whole story. The road tests are valuable in showing the 
range of conditions prevailing in actual use but they do not 
reveal the reasons for differences. Road tests give the rela- 
tive importance of numerous factors in engine operation. 
On the other hand, dynamometer tests, in which conditions 
can be regulated with some precision, help to explain the 
differences and to identify the conditions that are met in 
service. 


OIL SPECIFICATIONS 


Listing the 14 tests usually applied to lubricants in the 
chemical laboratory, Mr. James stated that only the follow- 
ing four items probably are involved in considerations from 
the point of view of the engine: flash and fire represent 
volatility; viscosity and power measure fluidity; color is 
possibly a measure of foreign matter; emulsion, demulsi- 
bility, acidity, precipitation, high temperatures, carbon and 
possible water-oxidation indicate stability at low temperature. 


DYNAMOMETER TESTS 


The five items that should receive carefui consideration in 
oil tests are: the object of the work, the selection of the oils, 
the selection of the engine or car, the selection of the engine 
operating conditions and methods of test and the examina- 
tion of the samples. 

The first two items require no discussion. The engine 
should be chosen with a view to ruggedness, dependability 
and accessibility; certain features, such as cylinder-head, 
exhaust-valves and piston-rings, should be such as to bring 
about conditions of reliable and consistent operation. 

As regards engine operating conditions the question to be 
answered is, What changes have taken place in the oil during 
test? Temperature is again an important factor. A first 
comparison of the oils should be made under severe tempera- 
ture conditions; then, if important differences are noted, the 
tests should be repeated under less severe conditions. The 
suitable length of run may be determined by a consideration 
of the rate of oil consumption, rate of circulation and volume 
of oil existing. In actual tests, the change in one of the 
oil characteristics has been found to be consistent with the 
number of cycles of use. As regards sequence of runs, the 
different oils should be tested against a reference oil so as 
to eliminate so far as possible the changes of the engine. 

By driving the oil and water-pumps separately from the 
engine, improvements are noted in starting, warming and 
regulation to the desired operating conditions. The engine 
load may well be adjusted, not by the dynamometer load, but 
by throttling the intake-manifold pressures, that is, by con- 
trolling the weight of air entering the engine. Thus a change 
in the output is traceable to a change in the friction load and 
is chargeable to the oil. Fuel consumption should be care- 
fully maintained constant. Care should be exercised in 
cleaning the crankcase. 

Samples should be taken at the end of each run. Friction 
runs should cover several temperatures at a given speed or 
several speeds at a fixed jacket-water temperature. Single 
runs are difficult to interpret. 


ROAD TESTS 


The chief value of road tests is the securing of the actual 
range of conditions under which the oil is used. The fleet 
under test should consist of permanent units that are as 
near identical as possible in type and condition. Carbureters 
should be adjusted equally. The grouping of cars and the 
periods of test should be arranged so as to give, first, a com- 
parison of units using the same oil under the same condi- 
tions. Then further runs should be made with the original 
oil in one group and the oil to be compared in another. The 
third period should reverse the oils and the fourth should be 
a repetition of the first. 

Data should be obtained on mileage, tonnage, fuel and oil 
consumption, maintenance and care and replacement; 
weather and road conditions should be noted. Also, an exam- 
ination of rubbing surfaces is advisable but often imprac- 
ticable. 
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Samples will show the relative amounts of wear in various 


groups. For simplicity they may be averaged mechanically 
by mixing before analysis. 


LUBRICATION TEST CODE ADVOCATED 


In concluding his paper, Mr. James urged the formulation 
of a testing code for internal-combustion-engine lubrication. 
It was felt that agreement on such a code or method of pro- 
cedure would benefit materially all concerned. 


AUTOMOTIVE AND PETROLEUM INDUSTRIES 
EACH OTHER 


CAN HELP 

Automotive research and development are in many im- 
stances “ahead of the game,” in the opinion of H. L. Horning, 
who delivered a most interesting address on What the Auto- 
motive and the Oil Industries Can Do for Each Other. In- 
vestigations started both before and during the war, which 
were pushed most vigorously during the years of the strug- 
gle, have now reached a “breathing spell” when results of 
the work can be applied profitably. 

Mr. Horning stated that the most efficient engines and 
fuels ever known to the world will be brought forth as the 
public demands them. The anticipated improvements include 
the doubling of the gasoline mileage attainable, the trebling 
of the oil mileage and the general betterment of the con- 
ditions of automobile operation. 

Extension of the uses for petroleum products is an im- 
portant problem, the solution of which will be of benefit to 
the petroleum iridustry and to others; the satisfactory util- 
ization of the heavy ends of the crude oil is one of the out- 
standing phases of this question. For this, house-heating 
offers one of the most promising outlets. However, its de- 
velopment from the present stages depends largely upon a 
more careful study of heat-transfer, radiation, conduction 
and combustion. In this connection it was stated that the 
Bureau of Standards is going into these matters thoroughly 
and deserves the whole-hearted support of the industry in 
the work. 

Mr. Horning spoke of the assistance offered by the auto- 
motive to the petroleum industry in replacing obsolete steam 
and gas-engines now used in the field with more reliable 
multi-cylinder gasoline-engines of the light, portable type. 
Twenty-two different lines of business were mentioned as 
among those in which this change has already taken place. 
The speaker stated that in many cases it would be found 
cheaper to buy a new four-cylinder engine every year than 
to use the obsolete outfits now in operation. 


WINTER FUEL ADVOCATED 


Further broadening of the markets for both the automotive 
and the petroleum industries will result from encouraging 
night driving and winter driving; improvements of highways 
and lighting will make night driving safer, while the market- 
ing of suitable winter fuels will increase greatly the use of 
cars during the cold months. Calling attention to the fact 
that about 75 per cent of the population of the United States 
reside north of the 40th parallel and that practically 75 per 
cent of the automotive equipment and gasoline is used by 
these people, the speaker urged the wide distribution of a 
winter gasoline adapted to the use of these consumers in 
their territory where the temperature is below 50 deg. fahr. 
for 6 months of the year. 

Mr. Horning cited the experience at his own plant where 
statistics had been kept carefully of the number of cars 
used 2t different times by employes; those who did not use 
their cars walked. It was concluded that for every 10-deg. 
fahr. drop in temperature below 70 deg. fahr., 15 per cent 
fewer cars were used. While these figures were not pre- 
sented as the whole story, they were believed to give an un- 
mistakable indication of the influence of temperature on the 
use of cars. Furthermore, in support of the contention that 
a winter fuel would be appreciated, it was shown that, within 
2 months after the appearance of such a product in Wau- 
kesha, 55 per cent of all the cars in the shop had adopted it 
without propaganda of any kind. 
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ADDITIONAL PAPERS 


In addition to the material outlined above, a number of 
papers, both technical and general, of peculiar interest to 
operators, refiners and others engaged in the petroleum in- 
dustry, but perhaps of somewhat less interest to our mem- 
bers, were presented. 

The relation of agriculture and the farm to the oil in- 
dustry was treated by E. T. Meredith, publisher of Success- 
ful Farming, and a former Secretary of Agriculture. The 
use of petroleum and its products for road construction was 
covered by J. E. Pennybacker, secretary of the Asphalt As- 
sociation. A most interesting and instructive address on 
Things Abroad was given by Edward Prizer, president of 
the Vacuum Oil Co. L. E. Hollins, president of the Associated 
Advertising Clubs of the World, spoke on The Protection of 
the Good-Will of the Oil Industry. Several other technical 
papers also were included in the program. 

At the annual dinner President O’Donnell, toastmaster, 
called upon C. F. Kettering, General Motors Corporation, 
Julius H. Barnes, president of the Chamber of Commerce of 
the United States, and A. C. Bedford, chairman of the board 
of directors, Standard Oil Co. of New Jersey. 


REVOLUTIONARY PAINTING 


METHODS 


Base Materials and Their 
Discussed at Detroit Meeting 


Pyroxylyn 


Application 


Painting methods and materials that promise to revolu- 
tionize the process of automobile body finishing were the 
subject of another valuable production meeting of the De- 
troit Section on Dec. 20. The materials discussed are those 
known commercially as Duco finishes and are manufactured 
by E. I. duPont de Nemours & Co. Unusual interest was 
shown by the audience of over 250 men and an incessant 
cross-fire of questions and answers brought out some @xcep- 
tionally important points in the discussion. Abstracts of the 
two papers read by R. C. Williams, engineering representa- 
tive of the duPont company, and R. S. Rogers, paint super- 
intendent of the Oakland Motor Car Co., are given in the 
following paragraphs along with a resume of the valuable 
material presented during the discussion period. 

After telling how the new finish came to be developed, Mr. 
Williams explained that it is essentially a nitro-cellulose 
solution. Cotton is received in the raw state and put through 
a purification bath of caustic soda and steam. It is then sub- 
jected to a washing and drying process after which it is 
nitrated to make it soluble in various chemicals, principally 
the acetates. A small percentage of gums is added to insure 
adhesion along with the pigments needed to obtain the de- 
sired colors and shades. Up to the time of the duPont 
development it had been impossible to incorporate sufficient 
solids in enamels of this type to produce a film of satisfac- 
tory body. The amount of solids in any pyroxylin solution 
was limited, since, beyond a certain point, the material be- 
came too viscous for practical application and necessitated 
so much thinning that a prohibitive number of coats was 
necessary to obtain adequate body and covering qualities. 
Chemical processes perfected by the duPont company made 
it possible to increase the amount of solids in the enamels 
without increasing their viscosity beyond the desirable point. 


CLAIMS MADE FOR PYROXYLIN ENAMELS 


From the results obtained in production, the advocates of 
pyroxylin enamels feel justified in putting forth the follow- 
ing claims for this new material: 


(1) Is not affected by sudden changes in temperature 

(2) Will not check or craze 

(3) Is sufficiently flexible to withstand shocks 

(4) Forms an impervious film and prevents moisture 
from coming in contact with the under coats 

(5) Dries very rapidly and effects a considerable sav- 
ing in factory floor space thereby 
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(6) Can be handled a few minutes after spraying and 
can be rubbed in a few hours 
(7) Colors are stable 
(8) Effects an appreciable time and cost saving in the 


paint shop 


Varnish dries by oxidation, but pyroxylin enamels dry by 
evaporation. When the oils present in a varnish are thor- 
oughly oxidized, the life of the varnish is extinct; on the 
other hand, when the solvents of a pyroxylin enamel have 
evaporated, the remaining film has reached a state where its 
life may be unlimited. This limitation is dependent upon 
the care and method used in making the application and 
handling the material. 

Mr. Williams stated that his company does not recom- 
mend the new material for direct application to steel panels 
without undercoats, nor is it practical to use it over par- 
tially oxidized primers, surfacers and rough-stuff or enamels 
that are baked at a very high heat. It is rather difficult to 
remove the oil and the grease from the surface of sheet steel 
even when chemical solutions and the sand-blast are used. 
Where traces of the oil remain, the adhesion is certain to be 
affected adversely. Even on bodies where extreme care was 
taken to remove the oil with a sand-blast, trouble was ex- 
perienced and this has led the duPont engineers to recom- 
mend the use of undercoats so that good adhesion is assured 
throughout the entire surface. While some research work 
has been done on pyroxylin materials for undercoats, it is 
recommended that the usual primers, rough-stuff and sur- 
facers be used provided they are fully oxidized. The last 
requirement is an important one; otherwise, the solvents used 
in the pyroxylin enamel will attack any surplus oil present, 
acting as a paint-remover and destroying the adhesion of 
the undercoats. Where high-heat enamels are used, they are 
baked so hard and smooth that the pyroxylin enamels cannot 
adhere to them. 

As now offered, pyroxylin finishing materials are intended 
as a substitute for the color and the color-varnish coats, 
with the option of using varnish as a finishing coat. They 
are always applied by an air-spray, three coats usually being 
sufficient to give the proper depth of coat. However, espe- 
cially where lake pigments are used, it is sometimes neces- 
sary to apply additional coats to insure covering properly. 
For the present, transparent finishing enamels are not being 
offered. Three degrees of finish are possible with the enamels 
now in use; dull, semi-luster and lustrous. Dull finish is 
secured by leaving the surface in the condition it assumes 
after the last spray coat. Semi-luster is got by rubbing- 
down and polishing the last coat. Lustrous finish is secured 
by brushing or flowing on a coat of high-grade finishing 
varnish after the last enamel coat. While this last type of 
finish is not recommended by the duPont engineers, Mr. 
Williams said that there is no serious objection to it. 


DESCRIPTION OF OAKLAND PAINT SYSTEM 


Practical experience with Duco enamels was presented by 
R. S. Rogers, paint superintendent of the Oakland plant at 
Pontiac, Mich. He said that experimental work had proved 
to the Oakland organization that unusual care must be taken 
in cleaning the body metal before applying these new pyroxy- 
lin materials because of the greater possibility of poor ad- 
hesion when even the slightest traces of oil are present. He 
then gave the following description of the Oakland system of 
using pyroxylin air-dry enamels. For the first or priming 
coats, conventional oxide metal primer is used. Both air- 
drying and oven-drying have been used to dry this priming 
coat. When using ovens, an air temperature of 250 deg. 
fahr. is maintained and 80 min. is allowed for the drying 
time. A period of 24 hr. is needed in the case of air dry- 
ing, the room temperature being between 75 and 80 deg. 
fahr. Although the air-drying method proved perfectly satis- 
factory in production, later tests showed that the enamel was 
even more durable over the oven-dried undercoats. 

Bodies coming from the priming oven are spot glazed to 
cover file marks, pitted metal and other imperfections. Glaz- 
ing is done while the bodies are still warm and the sand 
surfacer is applied immediately, both the glaze and the sur- 
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facer coat being dried together in an oven for 80 min. at a 
temperature of 250 deg. fahr. This plan of application 
avoided any trouble from one material contracting against 
the other while drying. Only one coat of surfacer is used 
since it has been the experience of Mr. Rogers that the 
fewer coats used under pyroxylin enamels the better will be 
the result. 

The bodies are next wet-sanded out of the surfacer and 
air dried. Then they are ragged off with a tack rag and the 
first coat of enamel is sprayed on at an air pressure of 40 
lb. per sq. in., the enamel having a specific gravity of 19. 
This coat is allowed to dry for 30 min. in an air temperature 
of 125 deg. fahr. and the body is then left to cool for 15 min. 
A second coat of enamel is now sprayed on, using the same air 
pressure and specific gravity as in the first coat. After this 
second coat, the body is allowed to dry over-night in a room 
with an air temperature of between 75 and 80 deg. fahr. At 
this stage the paint surface has a pebbly appearance similar 
to that of any paint surface which has been applied with a 
spray gun. Mr. Rogers stated that the pebbly appearance 
was less marked with low air-pressure on the spray than 
with high pressure. 


HOW THE SURFACE FINISH IS SECURED 


When the last enamel coat has dried, the bodies are rubbed 
out with a preparation of boiled linseed oil and gasoline, 7-0 
sandpaper being used as an abrasive. Without removing 
the oil, dry rotten-stone is sprinkled on the bodies and the 
surface is rubbed until the desired luster and polish is se- 
cured. Mr. Rogers is experimenting at the present time with 
the hope of eliminating this rubbing operation, but he is not 
ready to announce the final result of his tests. After the 
rub-down, the bodies are inspected for surface defects and 
these are bumped out. It is easier -to correct defects by 
bumping the enamelled surface than would be the case if 
paint were used. Striping is now applied, trimming com- 
pleted and the entire paint surface is waxed, it being neces- 
sary to wax only to protect the striping. 

It required 336 hr. to paint an Oakland body with the 
conventional materials; only 13% hr. is needed to complete 
the job when pyroxylin enamels are used. These figures 
include both the operation and the drying times. The labor 
time on the paint and varnish system totaled 6.728 hr. per 
body, but this is reduced to 5.715 hr. with the new materials. 
Cost of materials in the case of the conventional paints 
amounted to $2.33 and this has been reduced to $2.26 in the 
case of the air-dry enamel. These are direct costs only. 


FLOOR SPACE GREATLY REDUCED 


To appreciate the great advantage of accelerated drying 
possessed by the Duco material, it is interesting to study 
the figures given by Mr. Rogers as determined at the Oak- 
land plant in actual production. It required 101,400 sq. ft. 
of floor area to paint 300 bodies per day when paint and 
varnish were used; this was reduced to 73,300 sq. ft. when 
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pyroxylin enamels were adopted. For a production of 300 
bodies per day, it was necessary to have 2400 bodies in 
process of painting by the old method; the new enamel has 
reduced this requirement to 600 bodies. 

Mr. Rogers stated that his experience had also proved 
that the introduction of the pyroxylin enamels effects a.ma- 
terial reduction in the number of finished bodies rejected on 
account of scratches, mars, poor finish and faded colors. 
This approximates 20 per cent of the daily production in 
the average paint-shop but in the case of the enamelled 
Oakland body this figure has been reduced to 2 per cent. It 
must be remembered that a skilled painter has to be used 
on refinishing these rejected bodies whereas the enamel sur- 
face can be touched up with a spray gun by an unskilled 
worker and the added material will dry in a few minutes. 


PRACTICAL POINTS FOR THE PYROXYLIN ENAMEL USER 


An unusually large number of questions were asked the 
two speakers on the question cards that are used at Detroit 
Section meetings. Answers to these questions are reported in 
the following paragraphs. The life of Duco finish has not 
been determined definitely as yet because some of the bodies 
first painted with it are still in good condition after 2 years’ 
use. If proper care is taken in applying this new material, 
it will not peel. Instances where peeling has occurred have 
been traced to an improper use of the material or unclean 
surfaces. Rust is not promoted by the ingredients in pyroxy- 
lin enamels. They have no tendency to check or crack under 
ordinary conditions, nor will they crack or become brittle 
under extremely cold temperatures. The trouble experienced 
with varnish failure on engine bonnets due to the combined 
effect of temperature changes and the direct action of the 
sun’s rays has not been encountered with the new enamels. 
Since the surface of the enamels is much harder than the 
ordinary paint surface, there is little risk of their becoming 
scratched when dust and dirt are wiped off with a cloth. 
Mud-spattered panels were passed through the audience at 
the Detroit meeting so that the members could try this ex- 
periment themselves. Apparently this “dry cleaning” abuse 
does not mar the surface in the least. 

Matching of colors is somewhat more difficult with pyroxy- 
lin enamels than with conventional paints, but this may be 
overcome as the development of the material proceeds. No 
trouble has been experienced in production due to poorly 
matched colors on hoods and bodies. Although no definite 
data were available at the meeting, Mr. Rogers was of the 
belief that the coefficients of expansion of Duco and steel 
must be somewhere near the same since no trouble had been 
experienced from any large difference. Since acetone is used 
in the chemical solution of pyroxylin enamels, they have a 
certain amount of paint-remover action. This is not trouble- 
some if the oils in the undercoats are thoroughly oxidized 
so that they are unaffected by the acetone. 


QUESTIONS RELATING TO APPLICATION 


Some in the audience seemed to feel that the use of 
pyroxylin enamels carried with it an increased fire hazard. 
Mr. Williams stated that no fears need be felt in this con- 
nection for Duco is no more inflammable than the oils in 
most commercial paints. One of the members present volun- 
teered the information that he had investigated the matter 
of insurance and found no increase in rate when pyroxylin 
materials were used. 

Mr. Rogers stated that he had found no material advantage 
in using an electrically heated spray-gun, although it did 
tend to take any moisture out of the air supply. W. K. Groff 
of the duPont organization said that the materials in Duco 
are non-hygroscopic, that is, they do not attract atmospheric 
moisture. This nature of the solvents in the pyroxylin 
enamels defeats any precipitation of moisture due to the 
rapid evaporation after spraying. It is important, however, 
to see that the air lines leading to the spray-gun are kept 
free from moisture. For touch-up work on finished bodies, 
Mr. Rogers recommended the use of a very small spray-gun 
that he termed a spot-spray. It only takes an hour or so to 
instruct a new employe to spray Duco and in 3 days he will 
attain the same degree of efficiency as the workers who have 
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been handling the material for some time. One of the mem- 
bers inquired about the method of securing a clean division 
between two colors on the same body when the spray-gun is 
used. Mr. Rogers explained that this is done in a simple 
way by putting electrician’s tape along the line of division 
and spraying above or below the tape edge, the tape pro- 
tecting the color already on the body. 


SPRAYING THE ONLY MEANS OF APPLICATION 


Because of their rapid drying qualities, pyroxylin enamels 
cannot be brushed on panels but must be sprayed in all cases. 
Attempts are being made to flow the new enamel the same 
as the common fender enamels and Mr. Williams said that 
this might be a development of the future. Some companies 
are using as many as five coats of pyroxylin enamel on the 
body panels with a rub-down between each of the coats. 
However, the duPont engineers do not recommend numerous 
coats as their experiments have shown that the fifth. coat 
produces strains in the paint film and the sixth coat actually 
causes the paint structure to break away from the primer. 
Thickening the coat does not necessarily increase durability 
and it may hurt the adhesion of the enamel structure to the 
undercoats. Room temperatures need not be high to spray 
pyroxylin enamels successfully; Mr. Rogers has used them 
without trouble in temperatures of from 50 to 75 deg. fahr. 
and prefers the latter figure. Although he expressed a pref- 
erence for the sand-blast as the best means of preparing the 
metal surface for the primer, the chemical cleansers in gen- 
eral use are perfectly satisfactory. The labor turn-over is 
increased when the sand-blast is used. It is of no particular 
advantage to heat the metal surface before applying the 
enamel coats, according to Mr. Rogers. 

Many questions were asked regarding the effects of vari- 
ous materials on pyroxylin enamelled surfaces. It was 
stated that nitric and sulphuric acids did not harm them 
unless applied in concentrated form. Varnish removers will 
destroy a Duco surface because the chemicals in these prep- 
arations are practically the same as the solvents used in pre- 
paring the enamel. Alcohol anti-freeze solution may be 
harmful, but Mr. Williams said his experience had shown 
that the alcoholic-content evaporated so rapidly that it did 
not have time to start a chemical reaction. The pyroxylin 
film is not affected by ammonia. 


REFINISHING BODIES WITH PYROXYLIN ENAMELS 


Mr. Williams stated that the refinishing of bodies which 
had been painted originally with Duco was a simple matter 
since this material formed an ideal foundation for the new 
coats. Light coats should be used in refinishing work to 
avoid the troubles caused by thick films that were mentioned 
in a previous paragraph. A perplexing problem is faced in 
removing the old coat of finishing varnish from the Duco 
undercoats where the original paint job included a luster 
coat of finishing varnish. Varnish removers are out of the 
question because they will attack the pyroxylin materials. 
L. V. Pulsifer suggested that solvents must be used that will 
attack varnish but will not affect the enamel underneath; 
he thought benzol or toluol might be tried. Mr. Rogers of- 
fered his answer to this problem by saying that he had 
found a solution of Duco solvent, gasoline and linseed oil 
in equal parts entirely practical. This solution is applied 
to the varnish surface which is then rubbed with 7-0 sand- 
paper until the varnish is cleaned off. Mr. Williams said 
that the duPont company considers the matter of refinishing 
as an important field and intends to foster the establishment 
of Duco refinishing stations throughout the Country. 

Cost data given in the formal papers were supplemented 
by the answers to some of the questions. The present price 
of pyroxylin enamel is about $4 per gal. and the solvent or 
thinner costs $2 per gal. Since the solution used in the air- 
spray is about half enamel and half thinner, the average 
cost is $3 for the mixture of the two. The cost of these 
materials is largely dependent upon the market price of the 
fusel oil that is used in preparing the solvents. It takes 2 
min. longer to spray a body with pyroxylin enamel than to 
spray it with the conventional materials. At the present 
time it requires 2 hr. to rub down a Duco coat on an open 
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body, but Mr. Rogers has developed methods that are ex- 
pected to reduce this time to 20 min. in the near future. 


SOURCE OF SUPPLY WILL BE ADEQUATE 


In some quarters a feeling exists that materials for pyroxy- 
lin enamels do not exist in quantities sufficient to insure an 
adequate supply if these enamels come into general use. 
These fears were set at rest by W. K. Groff of the duPont 
company. He said that the solvent situation had been 
causing some concern in the past, but that this was improv- 
ing. No trouble whatever is experienced in securing the 
other ingredients in ample quantity. An inference that the 
duPont company was using up surplus war material in the 
manufacture of its body enamels was denied emphatically 
by Mr. Williams. Mr. Groff said that so far as materials 
were concerned there was no limitation on the production of 
pyroxylin enamels in sufficient quantity to supply the auto- 
motive industry’s demands; it is entirely a question of ex- 
tending the chemical manufacturing facilities. 

L. V. Pulsifer, chief chemist of Valentine & Co., spoke 
briefly on the attitude of the varnish makers toward pyroxy- 
lin enamels. He said that the interest in the subject re- 
flected at this Detroit meeting showed that the industry was 
taking seriously the matter of body finish durability. This 
has resulted in the purchase of better varnishes by some 
companies with the result that several cars are now mar- 
keted with body finishes that can be expected to last 2 years. 
He said that his company is watching the pyroxylin enamel 
development closely and has done considerable research in 
these materials with the intention of introducing an enamel 
of this character some time in the future. 

No meetings will be held by the Detroit Section in the 
month of January because of the scheduling of the Annual 
Meeting of the Society in Detroit, Jan. 22 to 25. Meetings 
will be resumed Feb. 7. 


NEW ENGLANDERS MEET AT WORCESTER 


New England Section members enjoyed the privilege of 
thoroughly inspecting a large drop-forging plant and hearing 
a paper on steels for drop-forgings at the December meeting 
of the Section. This meeting was held in Worcester, Mass., 
and the inspection trip was made through the large forging 
shops of the Wyman-Gordon Co. John H. Nelson, metal- 
lurgical engineer of the Wyman-Gordon organization, read 
the paper. He described some of the flaws present in com- 
mercial steels and explained the careful inspection methods 
that have been devised to detect them, not only before the 
forging operations, but during the different stages of forg- 
ing. Heat-treatments, physical characteristics and methods 
of forging the steels for different parts were also discussed. 

Mr. Nelson said that his company stored all steel billets 
received from the mills according to heat numbers; steel 
billets from the same heat or run are always stocked together. 
Each heat is given an analysis number which is used to guide 
the heat-treatment of the steel throughout the shop. Careful 
chemical and physical tests are made on all steel received and 
a sample from each heat is treated experimentally to deter- 
mine the exact procedure to be followed throughout the forg- 
ing process to secure the required results from that heat of 
steel. Notched bar and repeated impact tests are also a part 
of the inspection process. He was most emphatic about the 
necessity of handling each run of steel individually and 
adopting the heat-treatment best suited to it. 

Crankshafts made from slab forgings are unreliable in 
Mr. Nelson’s opinion. He cited an instance where such a 
shaft failed in an airplane engine during an important race 
and demolished the machine. The importance of proper dis- 
tribution of the metal in forgings as they are formed in the 
dies was illustrated by pictures that showed sections taken 
through crankshaft gear-blank forgings. 


CLEVELAND DURALUMIN MEETING 


Aluminum alloy construction was the subject of the Cleve- 
land Section meeting on Dec. 17. R. W. Daniels’ paper on 
Duralumin, given before the New England Section in October, 
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was read at the Cleveland meeting and G. H. Madelung, 
project engineer in the Glenn L. Martin Co., spoke briefly on 
the new development, illustrating his talk with samples of 
the materials discussed. . 

No meeting of the Cleveland Section will be held in 
January. 


ATR-RIDING COMFORT 





How Air-Springs Contribute to It and a Method by 
Which It Can Be Measured 


What handfuls of air 
held under pressure for 
long periods in the cylin- 
ders of air-springs can ac- 
complish as shock-killers, 
how they increase comfort- 
ableness and how its de- 
gree can be measured, 
were major topics in the 
paper presented at the 
Dec. 6 meeting of the De- 
troit Section by J. J. Mc- 
Elroy, chief engineer of the 
Westinghouse Air Spring 
Co., of Philadelphia. 

After reviewing the his- 
tory of air-spring develop- 
ment, Mr. McElroy an- 
alyzed the general charac- 
teristics of present air- 
springs before describing 
more specifically the air-and-steel-spring combination, which 
has a characteristic load-curve that allows maximum flexi- 
bility in the general working range of the axle yet has an in- 
creasing resistance to dissipate large shock-loads. By vary- 
ing the compression volume in the air-spring, the load curve 
of the combination can be made more flexible or stiffer as 
occasion demands. Tests show that the steel-spring vibration 
alone had a duration of 5% sec. with a period of 87.2 vibra- 
tions per min.; the combination, a 3-sec. duration with 60 
vibrations per min. 

Fig. 1 illustrates the test apparatus. The test is elemen- 
tary and is not intended as a true example of actual working 
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Fig. 1—AtR-SPRING TEsT-APPARATUS 


A Standard Front Dodge Steel Spring Was Hooked-Up with a 2%- 
In. Direct-Acting Air-Spring So That Either the Steel Spring Alone 
or Combined with the Air-Spring Could Be Compressed at the 
Center or Axle Position through a Lever Arrangement. The Spring 
Suspension Was Given a Constant Load by Applying a Permanent 
Weight at the End of the Lever and Was then Compressed by Man- 
Power So That 1% In. of Additional Compression Movement Was 
Obtained at the Center or Axle. This Additional Force Was Applied 
Quickly ; Then, the Spring Was Allowed to Vibrate Freely at Its 
Own Period. The Recording Instrument Is a Paper-Roll That Is 
Spring-Driven at a Speed of Approximately 15 Ft. per Min., Used 
with an Electrical Timing Device Marking %4-Sec. Intervals on the 
Moving Paper 
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conditions; it is made to bring out the fundamental principle 
of air-spring suspension and to draw attention to the general 
characteristic involved in a typical air counterspring ar- 
rangement. 

Friction in the air-spring is due to (a) cup-leathez ma- 
terial and design, (b) bearing or mechanical with reference 
to the moving element and (c) the lubricant used. Friction 
is an important factor; for example, rubber packing having 
an expander spring-tension of 27.5 lb. compared with leather 
showing a 14-lb. spring-tension in a friction test. In compar- 
ing different kinds of oil, tests showed that the friction is 
less at a lower temperature. 


FRONT-AXLE MOVEMENTS 


Field tests of axle movement were recorded by a pen, con- 
nected directly to the axle on a motor-driven paper-strip 
mounted on the chassis, and were made at different speeds 
over two sizes of obstacle. Curves were also shown that 
illustrate the axle movement as the car passes over a plank, 
5% in. wide and 2% in. high, laid on a cement road. The 
same characteristic difference, with or without air-springs, 
was exhibited in each case. 

The maximum axle-movement either above or below the 
normal line is increased when using air-springs, and the sub- 
sequent rebound shows more action on the underside of the 
normal line, the general tendency of the air-springs being to 
float the chassis on a slightly higher plane at the time of re- 
bound. A reduction in the vibration period and its duration, 
with increased up-and-down axle-travel, was also indicated 
by these tests. Table 1 gives the maximum axle-movement 
values in inches. 





TABLE 1—AXLE-MOVEMENT VALUES, WITH AND WITHOUT 





AIR-SPRINGS 
Normal Axle Line 
A. Total 
Compression Expansion Move- 

Equipment Above,In. Below,In. ment, In. 
No Air-Springs ly 1% fs 
Rear Air-Springs Only 1% 2% 34% 
Air-Springs All-Round 1t# 2% 45 


®*Figures given are taken from curves showing the minimum 
axle-movement on steel springs only and the maximum movement 
on air-springs all-round. A maximum increase in the amplitude 
of 30 per cent is shown, due to the air-spring influence. This 


amounts to %-in. more travel upward on the compression or shock - 


stroke and %-in. more travel on the downward or rebound stroke. 








An instrument called by Mr. McElroy an axle-movement 
recorder was then developed and used on an average rough 
country-road test-course 1 mile in length and forming a 
closed loop so that the start of a run is also the finish; one- 
half is level, one-quarter is down-hill and the last quarter is 
an up-hill loose sandy road that causes an average car to 
labor in high gear at 15 m.p.h. The instrument is less cum- 
bersome than paper rolls and is an ingenious consolidation of 
recording dials acting on one central rod connected to the 
axle through a bracket and a universal-joint. Thus, all axle- 
movements are transmitted to the instrument which is de- 
signed so that it records the number of movements irrespec- 
tive of their amplitude and position in regard to the normal 
setting of the car. It also records the number of times the 
axle passes upward above the mean position and the number 
of movements below it. Further, it registers the total ac- 
cumulated axle-travel, up-and-down, in inches. The same 
general increase in amplitude and average axle-movements, 
with and without air-springs, were recorded. 

An account was given of other tests conducted on the 5- 
mile course of the Mason Laboratory, Yale University, at 
speeds of 20 and 25 m.p.h., and a curve was exhibited to 
show the relative reduction in axle movement when using air- 
springs, at such speeds, as compared with using steel springs 
alone. 

At a speed of 15 m.p.h., with the same driver and the same 
load on all runs and each run duplicated to minimize error, 
tests were made over a 1-mile Belgian-block course while a 
snubbing device was in use. The sharp snubbing action of 
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the snubbing device is demonstrated by the reduced axle- 
movements and its effectiveness is almost negative on this 
type of road; but the same device used over an average coun- 
try road shows an improvement in riding quality of 10 to 15 
per cent. A rough Belgian-block road will generally show 
more vibrations and accumulated axle-travel, as both the 
steel springs and the air-springs must work continuously at 


a 





Fic. 2—TuHeE MECHANICAL AXLE-MOVE- 
MENT RECORDER WHICH OPERATES ON THE 
SAME PRINCIPLE AS A PEDOMETER 
In Its Present State of Development the 
Device Is Considered Reliable Enough To 


Give Fair Average Comparisons as to the 
Relative Merits of Different Spring-Sus- 
pensions. The Recording Apparatus of a 
Pedometer Is Impelled by an Oscillating 
Weight Supported by a Lever Arm, the 
Entire Mass Being Nearly Counter- 
balanced by an Adjustable Spiral Spring 


faster average intervals with a longer average axle-travel. 
Generally speaking, the air-spring suspension is at its best 
and the snubbers are at their worst. The influence of the 
air-spring is contrasted best at a speed of 15 m.p.h., because 
the degree of difference in action between the two cases seems 
then to be at its maximum. 

Mr. McElroy stated further that the air-spring increases 
the total up-and-down axle-amplitude approximately 28 per 
cent and reduces the amplitude that is above the normal line 
approximately 29 per cent but that it increases the total am- 
plitude below the normal line by 105 per cent, thus pushing 
the theoretical normal line or axis of the axle vibration away 
from the chassis under running conditions only. This ten- 
dency to float allows the air-spring combination to have 
slightly less axle-clearance at rest than would be provided for 
the steel springs alone. The net reduction of axle-vibration 
duration, over a period of time, is approximately 16 per cent 
or say a reduction in axle movement of 5 vibrations per sec. 
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without air-springs to 4.12 per cent with them. This reduc- 
tion is a natural function and still leaves the axle free and 
flexible in both directions, yet capable of very fast action in 
absorbing shocks and making contact with the ground in de- 
pressions. Hence, the general effect is to smooth out the 
body line of travel and reduce the objectionable vibrations 
in the chassis and in the body. 


MEASURING RIDING COMFORT 


In making any road test for riding comfort, the course and 
the testing instrument are the two constant factors; the 
speed and the ability of the driver to retrace his course in 
identically the same path at identically the same speed are 
the variable factors. A good course should have a variety 
of different types of road surface, grades both up and down 
and some turns. It should be of a length that is sufficient to 
average the human error that is bound to occur when driving. 

Fig. 2 shows the instrument used for measuring riding 
comfort and Fig. 3 is a drawing showing its principal parts. 
A long throw will show considerable space between the per- 
forations. Short fast snappy vibrations condense the per- 
forations so that a magnifying glass is needed to count them. 
The entire story is recorded on the tape. By measuring its 
length, from the first perforation to the last, the accumulated 
weight-travel is determined; and, by counting the perfora- 
tions, the number of vibrations is ascertained. 

Due to the possibility that the tape may slip, a positively 
driven counter is used to check-up the tape length; it gives a 
quick answer and an accurate indication of the results that 
are to be expected on the tape. The instrument was designed 
to record each and every vibration exceeding an acceleration 
of more than 10 ft. per sec. per sec.; this is the A factor. 
Also, to record the movement of the weight upward, but 
making no attempt to measure the force of the throw 
directly; this is the B factor. The larger vibrations are thus 
recorded as they occur, as the throw of the weight is gov- 
erned by the force of the shock. 

The general average improvement shown by devices, 
either of the spring or of the hydraulic type, is 10 per cent; 
that of the air-spring is 35 per cent. Test results so far 
seem to indicate that a good spring-type snubber is equally 
as efficient as an hydraulic type, but it is apparent that a 
snubber of either design does not decrease the number of 
vibrations materially. Generally it shows a 2-per cent de- 
crease and, under certain conditions, will increase the vibra- 
tions to such an extent that the improvement in riding quality 
is lost. On the other hand, the air-spring usually will show 
a 30-per cent decrease in the number of. vibrations. 

Recently, tests were made on a 1921 open-model car, that 
has rear-wheel brakes only, and an almost new coupe of the 
same factory that has four-wheel brakes. The results indi- 
cate that an auxiliary device will show a greater improve- 
ment of riding quality on a four-wheel-brake car than it does 
on a car having brakes of the regular two-wheel type. 


HIGH-LIGHTS OF THE DISCUSSION 


Question cards from members present were productive of 
additional information from Mr. McElroy. He said that, un- 
der a normal load, between 60 and 70 lb. per sq. in. pressure 
is carried in the air-spring air-chamber, causing a range un- 
der operating conditions of from 30 to 150 lb. per sq. in. As 
to how long an air-spring air-chamber will hold its air, the 
answer was 2 months without additional air as an average, 
although cars have been known to run 1 year without re- 
newal with present air-springs. His statement was that it 
is too costly to install air springs on a car having rear springs 
of the cantilever type, because this type of spring must first 
be rebuilt. 

In the course of the discussion, it developed that complete 
tests and descriptions of an interesting pneumatic suspension 
for bicycles and automobiles are reported in a paper by 
Archibald Sharp, an English engineer, its title being Pneuma- 
tic Springs for Road Vehicles." The piston cylinders have 


no contact with one another and are attached with what Mr. 





™See Proceedings of the Institution of Automobile Engineers, vol. 


4, p. 97. 
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Fic. 3—PRINCIPAL 


PARTS OF 


THE MECHANICAL AXLE-MOVEMENT 
RECORDER 


The Weight w Is 85 Per Cent Spring-Suspended through the Radius- 
Arm a That Is Held by a Flat Spiral Spring Located Alongside 
the Friction Drum b. The Drum Floats on Ball Bearings at the 
Center and Is Actuated by Pawls to the Radius-Arm So That It 
Moves Only in One Direction. The Tape Is Pulled by the Rotation 
of the Friction Drum as the Weight Goes Down; Each Throw Is 
Recorded on the Tape as It Passes under the Weight, Which Is 
Equipped with a Pin That Perforates the Tape 


Sharp terms a “rolling packing mitten.” One side of it is 
attached to one member, the other side to the other member, 
and the mitten rolls over itself as a stocking is rolled. Two 
advantages were said to result, approximate elimination of 
friction and that air inside the mitten is trapped permanently. 

With regard to why it is not possible to get the same effect 
with a flexible steel-spring as with an air-spring, Mr. Mc- 
Elroy said that the ordinary flexible steel-spring has a con- 
stant scale but that the air-spring in combination with the 
steel spring has an increasing scale of resistance. The basis 
on which the percentage of riding comfort is calculated was 
said by Mr. McElroy to be that of simple comparisons. He 
described the calibration of the instruments already men- 
tioned and discussed further specific features of air-spring 
design. 


FEDERAL MOTOR HIGHWAY RESEARCH 


Earl B. Smith at Dayton Meeting Describes Tests by 
Bureau of Public Roads 


For the past 20 years, the scientific side of road-building 
has had the attention of the Bureau of Public Roads of the 
Department of Agriculture. At the meeting of the Dayton 
Section on Dec. 4, Earl B. Smith, testing engineer of the 
Bureau, described the development of the work that now has 
120 types of road construction under test. 

As the permanence of a road depends largely upon the 
kind of material used, the first 10 years of the Bureau’s work 
consisted of material-testing. When the automobile changed 
the type of road, the structural strength of the road became 
a factor of increasing importance, as the use of trucks in- 
creased. Mr. Smith illustrated his talk with slides showing 
the instruments developed by the Bureau to test the bearing 
value of various soils and to register the static and impact 
force exerted upon roads by the traffic passing over them. 
The motion picture that closed the meeting showed still more 
of this test work. Mr. Smith’s paper will, it is expected, be 
published in full in a future issue of THE JOURNAL. 

The Dayton Section has scheduled a meeting for Jan. 22. 
At 8 o’clock, after a dinner at 6:30 p.m. in the Dayton En- 
gineers Club. B. J. Lemon, of the United States Rubber Co., 
will speak on Research in Improving Handling and Utilizing 
Rubber Latex. 


COAST GROUP HOLDING MEETINGS 


A group of active Society members in and around San 
Francisco has been formed to give the members on the Coast 
the advantages of local meetings enjoyed by those in regular 
Section territory. 

Through the courtesy of Arthur B. Domonske, of the Uni- 
versity of California, a meeting in Berkeley has been ar- 
ranged for Jan. 24, to be followed by a visit to the head-lamp 
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testing laboratory, with a talk by Mr. Boelter of the Motor 
Vehicle Department. A special meeting has also been planned 
for February during the automobile show. 


WASHINGTON AERO MEETING 





Section Hears Extremely Interesting Talk on Military 
Airplanes 


Major Leslie MacDill of 
the engineering division 
of the Army Air Service 
gave a very complete 
summary of advances 
madeé in aeronautical de- 
velopment at McCook 
Field when he addressed 
the Washington Section 
on Dec. 7. Unfortunately 
it is not possible to pubish 
the most interesting of 
the material covered in 
his talk because of its 
confidential character. He 
gave many of the details 
of the latest supercharger 
developed for great alti- 
tude service and also de- 
scribed a new barrel-type 
engine that seems to pos- 
sess many advantages for use in military planes. 

Motion pictures were shown of pursuit planes going 
through maneuvers simulating those required in aerial com- 
bat, large bombing planes laying smoke screens and attack- 
ing battleships and some fascinating scenic views taken from 
ships flying over the Grand Canyon and the mountain ranges 
in the West and Alaska. This attractive meeting program 
drew the largest gathering of members and guests in the 
history of the Washington Section and demonstrated that 
interest in aeronautical development is still keen among en- 
gineers in general. 

The Washington Section will not meet during the month of 
January. 





Masor LEsLIg MacDILi 


AVOID STUNTS, ADVICE TO MID-WEST 





Successful Automobile Engineer Designs for Average 
Family, Says E. S. Jordan 


Speaking before the 
Mid-West Section at its 
Dec. 14 meeting on What 
I Know About Engineers, 
Edward S. Jordan, presi- 
dent of the Jordan Motor 
Car Co., emphasized the 
engineer’s responsibility 
for what he says and does 
and warned his audience 
against the temptation to 
“do something differént.” 

Applying his advice to 
the matter of wheel de- 
sign, Mr. Jordan pointed 
out that somebody makes 
a pretty good wheel now. 
The thing to do is to take 
what he has got today and, 

Epwarp S. JorDAN as you go along from 
month to month in the 
production of this automobile, if you find that this man can 
improve that wheel in any little particular, if you can make 
a suggestion to him that will help him improve the service 
of that wheel, that is your job. Do not design or contrive 
or conceive of some new or different type of wheel because 
you are an engineer. 





If the automobile is to be built for the average family 
of five, one of them is likely to be a woman. The first thing 
she does is look. The first thing she sees is color. She puts 
her hand on the leather, steps in and sits down. She looks 
around for little accessories, little interesting things, just as 
she would in a room in your house. To satisfy her is not 
engineering; it is just common sense. The wise engineer 
will see that the cushions are comfortably arranged, that 
the color and other details of appearance are attractive and 
that the car is well balanced, with good springs, even though 
they cost more. 


Do Not IMITATE. BUILD FOR THE OWNER 


Any salesman or engineer or any business man who starts 
in business with the idea that he will imitate the fellow across 
the street might as well go out and get a job selling peanuts; 
he is licked before he starts. He just cannot get anywhere. 
If you are following somebody else, you are always behind. 

The engineer is building for the owner. He is building 
for the man he will work for, and that is the man who will 
make him or break him. The car should be built for that 
man’s family. 

The fundamentals an engineer must consider in designing 
an automobile are appearance, comfort, fair performance, 
economy, reliability and, above everything else of course, 
service, because that means second-hand valuation. Within 
a few years the time will come when for every new car 
shipped from the factory, the dealer will have to deliver 
a couple of old ones. If the cars are built without these 
fundamentals, it will be only a matter of time until the 
dealers are losing money. 

Mr. Jordan gave some unusual advice on setting prices. 
For successful selling, always have your price a little higher 
than your competitor, for price is the public measure of 
value. Always have it a little higher; do not have it lower 
because, according to Mr. Jordan, the lower price is an ad- 
mission on your own part that your product is inferior. 

The ambition to get a large production and to dominate 
the trade will lead to some very interesting developments 
in the next 2 years, if Mr. Jordan’s prophecy comes true. 
It is his belief that the dealer simply cannot stand the gaff, 
because he cannot finance the trade. In Cleveland during 
the past year, as Mr. Jordan pointed out, 64 per cent of all 
the cars delivered were second-hand automobiles, that is the 
dealer’s business. If an automobile cannot be turned the 
second time at a profit, production will eventually be curtailed 
on that car. 

Commenting on the plan for combination in the automobile 
industry, Mr. Jordan reminded his hearers that people do 
not like to be forced to buy from any one individual, manu- 
facturer or group. Mr. Jordan believes that such a com- 
bination cannot succeed because brains, style and hard work 
cannot be cornered. 

Asked what he thought of the flat-rate service charge, Mr. 
Jordan went on record as believing that the movement is 
entirely in the right direction, although it may be difficult 
to determine just what the charge should be. What a man 
wants more than anything else is to have the job fixed and 
have it fixed right at a reasonable charge. 

The Mid-West Section will have no meeting in January. 


OIL PROS AND CONS FOR BUFFALO 


Engines for Oil vs. Oil for Engines will be the topic of a 
brass-tacks discussion scheduled for the February meeting of 
the Buffalo Section. L. H. Pomeroy will present the en- 
gineers’ point of view and A. Ludlow Clayden, of the Sun Oil 
Co., will lead the opposition for the lubricating-oil men. 
Winter contamination of oil and disputed points of viscosity 
and solidification will be among the topics coming up for set- 
tlement. The meeting will be held in the Statler Hotel, Buf- 
falo, at 8 o’clock on the evening of Feb. 4. 

William R. Knopp, sales engineer with the Dayton En- 
gineering Laboratories Co., talked on Automotive Electrical 
Equipment before the Buffalo Section at its meeting on 
Dec. 3. 
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Applicants 
Qualified 


The following applicants have qualified for admission 
to the Society between Nov. 10 and Dec. 10, 1923. The 
various grades of membership are indicated by (M) Mem- 
ber; (A) Associate Member; (J) Junior; (Aff) Affiliate; 
(S M) Service Member; (F M) Foreign Member; (E S) 
Enrolled Student. 








ARCHER, T. P. (A) vice-president and general factory manager, 
Ternstedt Mfg. Co., 6307 West Fort Street, Detroit. 


BLEYLE, C. A. (A) supervisor, Texas Co., 


201 Devonshire Street, 
Boston. 


Bouton, EuGEBNE (M) supervisor of time study, Chandler Motor 
Car Co., Cleveland, (mail) 1716 Hartshorn Street. 


Bovey, THOMAS (A) president and chief engineer, Bovey Automobile 
Heater Co., 3907 Prairie Avenue, Chicago. 


BRAMAN, GEORGE H., Jr. (J) chief draftsman, Walden Worcester, 
Inc., Worcester, Mass., (mail) 22 Tampa Street. 


BRUSSEL, JOHN W. (M) assistant works manager, Timken-Detroit 
Axle Co., Detroit, (mail) 324 Hendrie Avenue. 
BuRNS, CHARLES E., Jr. (A) mechanical laboratory assistant, 


Bureau of Public Roads, City of Washington, 


(mail) 130 East 
Capitol Street. 


CHADWICK, LEES W. (A) 
Blaine Avenue, Detroit. 


president, Chadwick-Leclair Co., 3284 


CHANDLER, HENRY (M) metallurgical engineer, Vanadium Corpora- 
tion of America, New York City, (mail) 1355 Book Building, 
Detroit. 


CouRTNBY, Harry V. (E S) student, Stevens Institute of Technol- 
ogy, Hoboken, N. J., (mail) 42 Crosby Street, New York City. 


Day, THURMAN O. (M) master mechanic, Yellow Cab Co. of Phila- 
delphia, 1208 North 81st Street, Philadelphia. 


DoNAHUE, F. J. (A) president, F. J. Donahue Varnish Co., Detroit, 
(mail) 2317 Edison Avenue. 

Ecc.Leston, J. B. (A) Brandenburg Bros. & Eccleston, Pontiac, 
Mich. 

GRABNER, JOHN (J) draftsman, Continental Motors Corporation, 


Detroit. (mail) 2068 East Grand Boulevard. 


GROSELLE, JOHN F. (S M) automotive engineer, Ordnance Depart- 
ment, Rock Island Arsenal, Rock Island, Ill., (mail) 729 East 
Rushmore Street, Davenport, Iowa. 


GusTAFSON, A. A. (M) works manager, Yellow Sleeve Valve Engine 
Works, East Moline, Ill., (mail) 2315 13th Street, Moline, III. 


Hopage, Roy C. 
Cleveland. 


(A) purchasing agent, Cleveland Automobile Co., 


Hooker, JoHn C. (A) auto service investigator, 
Bliss Co., New York City, 


Bronx Stratton- 
(mail) 2490 Davidson Avenue. 





HUNGERFORD, FRED STEPHEN (ES) student. Massachusetts Institute 
of Technology, Cambridge, Mass., (mail) 621 Commonwealth 
Avenue, Boston. 


JAMIESON, JOHN STEWART (A) 


(mail) 2175 Chalmers Avenue, 
Detroit. 


JOHN, WILLIAM Epcar (A) vice-president, Hall Wheel Corporation, 
1411 Morris Building, Philadelphia. 


JORGENSON, CLARENCE H. (A) consulting engineer, Dole Valve Co., 
Chicago ; mechanical engineer, Jorgenson Engineering Co., 
Chicago, (mail) Illinois Athletic Club, 112 South Michigan 
Boulevard, Chicago. 


KERR, RoBERT H. (S M) automotive engineer, Rock Island Arsenal, 
Rock Island, Ill., (mail) 1508 40th Street. 


KLEMBPNTs, J. M. (J) detailer, Cleveland Automobile Co., Cleveland. 


KRANZER, EMANUEL C. (A) engineering draftsman, Thomas E. 
Murray, Inc., New York City, (mail) 881-A Lafayette Avenue, 
Brooklyn, N. Y. 


KRIEGBAUM, ASA WALTER (J) ge eee, Remy Electric Co., 
Anderson Ind., (mail) Y. M. C. 


KRIETER, Harry R. (E S) student, University of Michigan, Ann 
Arbor, Mich., (mail) 733 East University Avenue. 


Levert Co., WALTER M. (Aff) 417 East 23rd Street, New York City. 
Representatives: 
Lamborn, Henry J., engineer. 
Levett, Walter M., president. 


LuKS, KRAEMER (A) engineer on technical staff, American Bureau 
of Shipping, New York City, (mail) Towaco, N. J 


McApam, D. J., Jr. (M) metallurgist, Naval Engineering Experi- 
ment Station, Annapolis, Md. . 


McCorMacK, DENIS (J) engineering department, Brooks Steam 
Onto ‘Ltd., 1304 Canadian Pacific Railway Building, Toronto, 
nt an, 


McCREERY, CHESTER M. (M) manager of highway transportation 
department, Goodyear Tire & Rubber Co., 1144 East Market 
Street, Akron, Ohio. 


Meyer, Frep C. (A) stock clerk, Uppercu-Cadillac Motor Car Co., 
New York City, (mail) 51 Walnut Street, Ridgewood, N. J. 


PEARLSTONB, PAuL (E §8S) student, Sheffield Scientific School, 


New 
Haven, Conn., (mail) 150 Grove Street. 


PERCIVALL, J. J. (M) superintendent of transportation New York 
division, Gulf Refining Co., New York City, (mail) 142 South 
Grove Street, East Orange, N. J. 


Pietz, Louis F. (A) road engineer, International Harvester Co. of 
America, Sioux City, Iowa, (mail) 1015 Jackson Street. 


POWELL, RoBertT E. (A) consulting motor transportation engineer, 
Onancock, Accomac Co., Va. 


RuMELY, V. P. 


(M) car superintendent, Hudson Motor Car Co., 
Detroit, 


(mail) 156 Algonquin Avenue. 


SAINTURAT, MAURICE (F' M) engineer, Automobiles Delage, Paris, 
France, (mail) 54 Avenue de Neuilly, Newilly sur Seine, France. 


SCHELL, Cart A. (M) chief engineer, Thermoid Rubber Co., 1302 
Swetland Building, Cleveland. 


Srtcree, ALBERT J. (J) instructor of mechanical 


engineering, 
Stevens Institute of Technology, Hoboken, N. J. 


SmiTH, Gporce L. (M) designing engineer, 


2614 Woodley Place, 
City of Washington. 


Wanec, WiiuiaMm S&S. C. (EB 


S) student, University of Michigan, Ann 
Arbor, Mich.. 


(mail) 727 East University Avenue. 


Woop, ALBERT HENRY (A) automobile engineer, Ruckstell Axle Co., 
Ltd., Toronto, Ont., Can., (mail) 664 Coxwell Avenue. 
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KEARNEY, BERNARD J., draftsman, Individual Drinking Cup Co., 
Inc., Haston, Pa. 


KELLY, D. V., chief inspector and supervisor of heat-treatments, 
( a Beans Spring Co., Massiilon, Ohio. 


* 
KLINKICHT, CHARLES E, electrician, Jost Storage Battery Co.,, 
OT Jamaica, N. Y. 


7 
LAWLESS, WALTER, mechanical superintendent, Doyle Motors, Ltd., 
c IT} ec r S ] p Toronto, Ont., Canada. 


LECESTRE, H. C., body engineer, Brooks Steam Motors, Ltd., Strat- 
ford, Ont., Canada. 


The applications for membership received between Nov. 
> ¢ va) *y 9° ‘ ro yj 7 > ore . - . 
15 and Dec. 15, 1923, are given below. The members of Lockwoop, Louis H., treasurer and chief engineer, Lockwood-Ash 
the Society are urged to send any pertinent information Motor Co., Jackson, Mich. 
with regard to those listed which the Council should have 
for consideration prior to their election. It is requested , —e J : F 
; I : A MawuN, W. E., director of purchases, Yellow Cab Mfg. Co., Chicago. 
that such communications from members be sent promptly. 


MOEHRING, J. A., treasurer, Gray Tractor Co., Inc., Minneapolis. 


ALEXANDER, ALBERT N., industrial engineer, Murray Rubber Co., = 
Trenton, N. J. MONROE, V. W., sales engineer, Prest-O-Lite Co., Inc., Indianapolis, 


ALLEY, JOHN H., student, Georgia School of Technology, Atlanta, . LSON, STANLEY W., chief engineer, Dura Co., Toledo. 
Ga. 


PARRILL, FRANK L., sales prcmotion manager, Prest-O-Lite Co., Inc., 
AxiLrop, J. J., vice-president and general manager, M. Indianapolis. 


Mfg. Co., Northumberland, Pa. 


PIERSON, ARTHUR EDWIN, student, University of Michigan, Ann 
BeatL, A. L., manager of retail department, Metropolitan Battery Arbor, Mich. 
Service Co., Inc., New York City 


PIPER, J. C., manager, Robert H. Hassler, Ltd Hamilton, Ont., 
3RATTON, ANDRAL, student, Georgia School of Technology, Atlanta, Canada. 
Ga. 


, . ; IL , and general manager, Sphinx Products 
BurGEss, LAURENCE EDWARD, student, University of Michigan, Ann ‘orporat , n Francisco 
Arbor, Mich. 


-president, Sphinx Products Corporation, 
CHANDLER, FRED C., JR., assistant to vice-president, Chandler Motor 
Car Co., Cleveland. 


re. RI >, Chief engineer, Lambert Tire & Rubber Co., 
Comin, LEon, N. W., consulting engineer, City Island, N. Y. url n, Ohio 


Cousins, E. A., sales representative, Westinghouse Electric & Mfg. OFFMANN, HAROLI t., chief engineer, National Collapsible Rim 
Co., East Pittsburgh, Pa. ‘orporation, N "ork City. 


Cowlr. ERNEST S., president, E. S. Cowie Electri ‘o., Kansas YCRAFT, CLARI > A.. manager of automotive department, Demo- 
City, Mo. t nicle, Rochester, N. Y. 


DAWE, C. NEWMAN, metallurgical engineer, Studebaker Corporation GER, ILLIAM E., manager, Community G ge, Crockett, 
of America, Detroit. al 


Dopps. THOMAS EDWARD, student, Ohio State University, Columbus, SMITH, ROBERT R net t, Robert H. Hassler, Inc., Indianapolis. 
Ohio. 


: : Georgia School of Technology, 
Ferevson, Guy M., assistant, material specification and inspection 
engineer, American Locomotive Co., Schenectady, N. Y. 


Swosopa, HERMAN ALFRED, student, Stevens Institute of Technology, 
GRANGE, LEO O., service manager, Northwestern Tire Co., Min- Hoboken, N. J 
neapolis. 


WANG, Hsu, draftsman, Pierce-Arrow Motor Car Co., Buffalo. 
HARRISON. EDWARD P., engineer, Sheldon Machine Co., Chicago 


: WaNG, WILLIAM S. C., student, University of Michigan, Ann Arbor 
HARTMAN, EUGENE L., engineer, Hartman Supply Co., Inc., Pittston, Mich : ? 


Pa. 


: } WARNER, A. , manufacturer, Warner Trailer Co., Beloit, Wis 
Howe... F. D., vice-president and assistant general manager, Motor ? : . ’ : 
Transit Co., Los Angeles, Cal. 


HUNGERFORD, FRED STEPHEN, student, Massachusetts Institute of WATKINS, BENJAMIN E., student, Georgia School of Technology, 
Technology, Cambridge, Mass. Atlanta. Ga 


KAHMANN, C. H., engineer, Traffic Motor Truck Corporation, St. West, WILLIAM GOLDING, production layout man, Wright Aero- 
Louis. nautical Corporation, Paterson, N, J. 





